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PREFACE 


T he use of the electric furnace in the foundry is in- 
creasing rapidly. Problems which concern the metal- 
lurgy of electric furnace iron and steel, and those 
relating to general features of melting have been dis- 
cussed at length. Much has been published in the tech- 
nical and scientific press, but it is buried in the general 
mass of scientific literature. At present there is no book 
that deals with electric furnace practice as encountered 
exclusively in the foundry. 

Therefore, Mr. Barton’s work which deals not only 
with theory, but also stresses the practical operating side, 
will serve a useful purpose. This book summarizes and 
records as far as is possible the present state of the art 
and metallurgy of electric furnace products of the foundry. 

The specialist may find in the following pages much 
that appears to him elementary, or the non-technical reader 
finds matter that appears too complex; but the author 
asks their indulgence because of his purpose to serve 
many readers. 

This book is written for operators, managers and 
executives of electrically equipped foundries, from the 
standpoint of the * pf actfcal'- man. ' The 'shbj^Ot' is pre- 
sented in such a way that those unacquainted with elec- 
tric furnace practice may study it and familiarize them- 
selves with the points they should know if the installa- 
tion of electrical units is contemplated. Determining 
whether to operate an acid or basic electric furnace ; what 
points should be considered in choosing the right size 
of electric furnace; does economy in operation favor the 
unit ranging from 4 to 5 tons capacity or the smaller 
type, are questions of the utmost importance when con- 
sidering the economy of a proposed electric furnace in- 
stallation. 

Maintenance and renewal items, types of linings, and 
V 



practical control features which assure economical opera- 
tion with satisfactory metallurgical results are pertinent 
topics in the operating foundry. 

To answer such questions as these the author has 
drawn upon his own experience and the reports of others 
for suggestions. Throughout this work whenever possible, 
credit has been assigned, and if in any instance it has 
been omitted, such oversight is unintentional. 
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REFINING METALS 
ELECTRICALLY 


I 

THE BEGINNING AND DEVELOPMENT OF THE 
ELECTRIC FURNACE 

P ROBABLY the first to consider the practical exploita- 
tion of electrical energy was Davy who in 1810 used 
electric current to produce the necessary heat in his 
experiments on the electrolysis of aluminum oxide. Pepys 
in 1815 welded an iron wire by heating it electrically. 
His apparatus may be looked upon as the predecessor of 
our modern resistance furnace. 

The first electrothermic furnace was that patented 
by Pichon in 1853. Such furnaces are used today with 
changes in design adapted from Stassano. Many other 
schemes were tried in the years immediately following 
Pichon’s example, but they were doomed to failure because 
they were ahead of their times. William von Siemens in 
1878 and 1879 obtained English patents on the design of 
the electric furnace which was the forerunner of the mod- 
ern arc furnace. Siemen's furnace like the others was not 
a commercial success, because electricity was still too 
expensive. 

Heroult successfully applied the electric furnace in 
the production of aluminum in 1887-88 and in 1894 he 
produced calcium carbide by the / electric furnace. The 
iron and steel industries still failed to consider the project 
seriously until Stassano in 1898 tpok out a patent in 
several countries, claiming: “a method for the practical 
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steel and the increase in electric furnaces are evident from 
Tables I, II and III. 

In making crucible steel, high grade selected scrap 
metal is placed in a graphite or clay crucible together with 
the necessary alloys to give a steel of the desired composi- 
tion. This crucible is lowered into a pot furnace where the 
heat usually is obtained from a coke fire. The metal is melt- 

Table II 

United States Production* 


Total electric 

steel ingots Electric steel Alloy steel 
and castings castings castings 

1913 30,180 9,207 443 

1916 168,918 42,870 926 

1918 511,364 108,296 3.076 

1920 502,162 155,196 11,710 

1921 169,499 86,095 10,084 

1922 346,039 154,982 17,760 


♦Annual Statistical Report American Iron and Steel institute. 
Table III 


Electric Steel Furnaces in United States and Canada* 


Make of furnace 

Jan. 1923 

1922 

1921 

1920 

1918 

Heroult 

181 

179 

177 

170 

146 

’Lectromelt 

53 

36 

24 

20 

4 

Snyder 

53 

54 

54 

49 

35 

Greaves-Etchell 

28 

28 

25 

18 

12 

Greene- 

27 

23 

18 

11 

1 

Rennerfelt 

18 

18 

17 

18 

13 

Ludlum 

14 

13 

13 

12 

6 

Volta 

13 

13 

8 



Gronwall-Dixon 

12 

12 

12 

iii 

12 

Booth 

10 

14 

14 

12 

4 

Girod 

5 

5 

5 

5 

5 

Vom Baur 

5 

6 

5 

4 

0 

Webb 

2 

2 

2 

2 

2 

Swindell 

2 





Miscellaneous 

27 

29 

21 

25 

25 


. 

— 

— . — 

— 


Total 

456 

438 

399 

363 

269 


♦Edwin F, Cone, Iron Age, Jan. 4, 1923. 

ed, held a sufficient length of time to become thoroughly 
killed or freed from gas. The slag is then skimmed from 
the metal and it ia poured either singly or several crucibles 
may be poured at one time' by using a ladle. CrucibloL steel 
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from the quality standpoint cannot be excelled, but when 
it is considered that each pot holds only 80 or 100 pounds 
of metal it is easy to see that the cost of producing cast- 
ings by this method is excessive. 

Open-Hearth Tonnage Large 

The open-hearth furnace usually handles metal in 
amounts of over 15 or 20 tons at a heat. Under these 
conditions it is necessary to have a large tonnage of work 
always on the floor. As such a furnace will pour from 
three to five heats in 24 hours, and will not run inter- 
mittently in an economical manner, a heavy outlay in 
miscellaneous equipment is necessary to handle adequately 
such tonnage. Due to physical limitations there is a cer- 
tain point above which the metal cannot be heated. This 
makes it difficult to pour small or intricate castings from 
open-hearth steel. Due to the sizes of individual heats 
it is impossible to accept orders for small tonnages of 
special analysis. However, the open-hearth furnace will 
turn out metal of acceptable quality at a low price, which 
gives it an advantage and forestalls competition, especially 
on heavy work where the margin of profit it low. Under 
ordinary conditions the electric furnace cannot compete 
with the open-hearth on a price basis. 

Before the advent of the small electric furnace in 
the foundry business, the great majority of steel casting 
shops, especially the smaller ones, used the side blow con- 
verter for producing their metal. This equipment has 
several distinct advantages — it can turn out a large ton- 
nage of metal in a short period of time, and can make 
extremely hot steel. Consequently the converter found 
great use where the castings were small in size, and as it 
could be operated intermittently was generally used for 
several blows on alternate days. , Where the output was 
such that a' greater quantity of metal was necessary, 
another converter could be installed for auxiliary service. 
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A 2 ton converter will blow a heat in approxfmately 20 
minutes, giving an exceptional tonnage when necessary. 
For large heats several blows could be made in quick suc- 
cession, the metal being held in the ladle. The writer 
knows of several instances where castings of 8 to 10 tons 
have been made from a 2 ton converter. Due to the small 
size of the heats, special metals could be made by alloying 
in the ladle or converter. Until the last few years, all of 
the manganese steel used was produced in this manner. 

Consequently the converter offers keen competition to 
the electric furnace. However, in two main points — cost 
of molten metal, and quality — the electric furnace has 
amply demonstrated its superiority. These two points 
are greatly discussed. The makers of converters deny 
both of these contentions, but experience has shown them 
to be true. The best proof of the electric furnace favor 
is the ever increasing number of substitutions of electric 
furnaces for converters. 

In The Foundry for Feb. 1, 1920, appears an interest- 
ing and important comparison of the two methods of 
melting as practiced at the Taylor- Wharton Iron & Steel 
Co., described by Messrs. John H. Hall and G. R. Hanks. 
They state the following conclusions: 

“At our High Bridge plant we have a 3-ton, heroult 
electric furnace and a 3-ton, bottom-blow, bessemer con- 
verter working side by side. The electric furnace is 
operated on a basic bottom, which enables us to turn out 
a steel low in phosphorus and sulphur. 

“During the war we had orders for castings for the 
army and navy, and to use the converter for this class of 
>vork we installed the Stoughton oil burning process in 
our cupolas, by which we were enabled to turn out steel 
sufficiently low in sulphur to meet the government's speci- 
fications and in many cases to get sulphur considerably 
below 0.06 per cent. 

“We had always been able to meet the tensile tests 
for Classes 1, 2 and 3 army and navy A, B, C, and D 
steel with converter metal and after we had the oil 
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working successfully on the cupola we undertook to turn 
our army and navy work with the converter as well as 
with the electric furnace. 

“We had not gone far with the more intricate cast- 
ings before we were faced with the fact that the converter 
steel, even when the sulphur was around 0.05 per cent, 
was much more subject to hot cracks and tears than the 
electric steel and apparently it was not always true that 
the lower sulphur heats were any better in this respect 
than the high sulphur heats. 

“To throw some light on this question Ave kept careful 
records on one of the cradle-band castings for a 240 milli- 
meter howitzer. These castings were of Class 3 steel, 
but in our practice we poured them with steel running 
from 0.25 to 0.35 per cent carbon and we secured the 
desired tensile strength by heat treatment. The accom- 
panying Table IV gives the analyses of a number of 

Table IV 


Data on Eleotkic and Converter Heats 

No. of 


oa»t 

E or C 

Carbon 

Stliron MatiKanese 

Sulphur 

Phosphorus Remarks 

1(A) 

E 

0 2K 

0 24 0.47 

0 032 

0.028 

4 

E 

0 .14 

0.51 1.40 

0 014 

0.040 

1 

E 

0 35 

0.24 1.00 

0.017 

0.087 

3 

C 

0 30 

0.H7 

0.047 

0.049 2 cracked 

2 

0 

0 29 

0 47 1.11 

0.046 

0 060 1 cracked 

2 

C 

0 27 

0.66 0.84 

0.066 

0 041 1 cracked 

1 

C 

0.30 

1.13 

0 055 

0.048 1 cracked 

2 

C 

0.26 

0.98 

0.067 

0.049 1 cracked 

1 

C 

0.27 

0 38 1.00 

0.070 

0 045 

2 

C 

0 24 

0 80 

0.064 

0.040 1 cracked 

3 

E' 

0 27 

0.19 1.31 

0.016 

0.020 

2 

C 

0.2H 

0.56 1.07 

0.065 

0.048 

1 

C 

0.26 

0 61 0.94 

0.065 

0 048 

6 

E 

0.3X 

0.33 1.00 

0.016 

0.027 

1 

E 

0 3.5 

0.20 1.00 

0.018 

0.081 

3 

E 

0.30 

0.28 0.93 

0.014 

0.020 

2 

C 

0.33 

0.38 0.94 

0.054 

0.047 2 cracked 

KB) 

C 

0.28 

0 88 

0 088 

0.045 1 cracked 


converter and electric heats from which castings of this 
pattern were poured and shows clearly the large percent- 
age of cracked and torn castings on the converter steel. 
An examination of this table will show that in the con- 
verter heats on which no castings were lost the sulphur 
was as high or higher than on the heats on which castings 
were rejected for hot cracks. It will also be noted that at 
least one of the electric furnace heats, 1 (A), is not low 
in sulphur and on this heat we lost no castings. In fact 
electric heat 1 (A) with 0.032 per cent sulphur is directly 
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comparable with converter heat number 1 (B) with 0.038 
per cent sulphur, on which a casting cracked. 

“In our efforts to overcome the hot tears in the 
foundry we used all of the atunts that could be worked 
out with any reasonable theory behind them, and some 
of them were as follows: The castings were made both 
in green and dry sand; they were taken out of the molds 
hot; were allowed to cool over night, etc. Some of these 
same molds were relieved to allow free shrinkage by 
destroying the sand grip, while others merely had the cope 
lifted and were allowed to remain until cold. During our 
experiments we determined that the castings poured from 
electric steel could be handled in any manner that time 
and equipment would allow, and our results produced few 
rejections, whereas with castings poured from converter 
steel we were unable to produce any large proportion of 
good castings regardless of the manner in which they were 
cared for. 

“Somewhat later we undertook the manufacture of 
rudder stocks and stern frames for merchant ships, and 
our experiences on these castings were even more illumin- 
ating than on the smaller castings for ordnance work. 
The reason for this was that the castings were so long 
as to give a very great total shrinkage amounting to 5 
inches. Our first really conclusive test on these castings 
came when we were obliged to pour a rudder stock from 
two heats of converter steel which analyzed as follows: 
Carbon 0.29 to 0.31 per cent, silicon 0.51 per cent, man- 
ganese 0.77 to 1.01 per cent, sulphur 0.057 to 0.066 per 
cent and phosphorus 0.052 to 0.056 per cent. The result 
was the casting tearing in three pieces. This casting was 
poured the same day successfully from electric metal.” 

The experiences of these people are similar to others 
throughout the country, that is electric furnace metal of a 
similar analysis will give good castings where converter 
metal is more likely to crack and tear. 

The prospective purchaser of an electric furnace is 
interested in the qualifications and limitations of such a 
melting medium. Often his foundry is at present equipped 
with a converter or a small open hearth, and he is not 
anxious to make a change unless future results will 
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warrant the added expense. In general, the electric 
furnace offers many points of superiority over other 
types of steel making equipment. However, like every- 
thing else, it has certain limitations. 

The most important point is that of quality. Due 
to the absence of any gaseous matter being blowm into the 
furnace, the steel can be killed, readily assuring sound 
castings. Metal of regular composition is obtained. The 
temperature is always under exact control, and may be 
made high enough to run castings of the thinnest sections. 
As small heats can be taken off at short intervals, the 
amount of floor space required, and the number of flasks 
and other miscellaneous appurtenances is kept at a mini- 
mum. For these reasons losses in defective work are 
lower than in any other process of manufacture 

John A. Matthews, president of the Halcomb Steel 
Co., pioneer in electric steel manufacture, presented at 
the October meeting of the American Electrochemical 
society. May 2-5, 1917, a summary of the merits of this 
metal. These are ; 

1. The chemical composition of consecutive heats, 
most notable when handling easily oxidized metals like 
vanadium, chromium, silicon and manganese, can be held 
more closely to a standard than with any other process. 

2. To insure a given final medium, less of these 
metals need be added, hence there will be less of the oxides 
of these metals produced in the steel and less to be 
removed. 

3. Heat treating is improved according as composi- 
tion can be controlled closely. 

4. Electric steel usually is more nearly chemically 
pure than any other steel. Irrespective of whether or not 
uniformly distributed sulphur is as harmful as is generally 
believed, it is obvious that the segregation of elements 
is impossible if they are absent. It also follows that if 
the segregation of sulphur and phosphorus is not to be 
feared the percentage of cropping may be reduced and 
the yield of sound metal increased. 

5. Low sulphur in electric steel usually indicates a 
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prior reducing condition favorable to complete deoxida- 
tions, sound ingots, freedom from blow-holes and resulting 
seams. Quiet metal has less tendency to segregate in the 
mold, in respect to either metallic or nonmetallic elements 
and produces metal free from laminations. 

6. Alloy additions may be made in the furnace itself 
rather than in the ladle which increases the probability 
of thorough assimilations, diffusion and homogeneity. 

7. Results indicate that electric steel is less injured 
by overheating than other steels. It has a wider range 
of heat treatment and will stand variations in forging 
and following treatment without injury. 

8. Electric steels usually are freer from slag and 
nonmetallic inclusions than bessemer or open hearth steels. 

9. The foregoing characteristics tend toward the 
production of a steel of better (luality. The electric fur- 
nace possesses an economic value in its adapta})ility to the 
1 ‘ecovery of scrap \’alues, and has a decided advantage 
over the open hearth furnace in that some alloy scraps 
do not make desirable additions to open hearth furnaces, 
or if such additions are made, usually result in a great 
deal of the scrap metal being lost in the slag. With the 
widespread and increasing use of alloy it is highly de- 
sirable that alloying elements be not lost when contained 
in the scrap. 

The electric furnace is highly adaptable, a feature 
which is of the greatest importance, and one finding in- 
creased use daily. A heat of plain steel may be ]Joured 
followed by a heat of gray or white iron, or some alloy 
mix. Consequently, a shop is enabled to bid on a greater 
variety of work, thus obtaining a greater aggregate ton- 
nage than the one product company. The author has 
known several' companies which regularly handle five or 
six different classes of metal from the same furnace 
with no difficulty. 



II 

COST OF ELECTRIC MELTING AND POWER 
CONTRACTS 

T he main point at issue in discussing a contemplated 
electric furnace installation is the cost of the molten 
metal at the spout, and it is this feature which settles 
the argument. If electric furnace metal is going to be too 
costly it is unwise even to consider such a melting me- 
dium, unless the product is of such a character that a few 
dollars’ difference in cost of molten metal may be disre- 
garded. For general foundry work extreme quality is 
not of enough importance to outweigh this cost of metal. 

Electl-ic power is the deciding factor when consider- 
ing the cost of steel. The cost of this energy varies 
greatly, being cheap in sections where hydroelectric power 
predominates, and comparatively high in sections of the 
country where electric current is produced by steam. 
Electric current usually is sold under some sort of a 
sliding scale, and comprises two charges, that for de- 
mand, and the energy charge for current actually con- 
sumed. The demand charge is fixed monthly and is de- 
termined by the maximum amount of current called for 
at any one time during the period. The energy charge 
changes according to the total amount of current used 
in the month. Then there are other clauses covering 
service in off peak hours; certain clauses covering changes 
in price of coal, etc. The prospective consumer should 
understand thoroughly all the details of his contract as 
a fraction of a cent’s difference may mean several dollars 
a ton on the finished product. 

The accompanying Tables V, VI, VII and VIII show 
different types of power contracts in force in various 
sections of the country and are typical. Note partic- 
ularly the curve in Fig. 1 on page 15. With this con- 
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Table V 

NEW ORLEANS CONTRACT TERMS 


Kilowatt- 

Demand Cha^e: hour 

First 6 kilowatt hours of demand $3.00 

Next 15 kilowatt hours of demand 2.50 

Next 30 kilowatt hours of demand 2.25 

Next 150 kilowatt hours of demand 2.00 

All over this amount 1.50 

Cents per 
Kilowatt- 

Energy Charge: hour 

First 500 likowatt hours 5.0 

Next 1000 kilowatt hours 3.0 

Next 3600 kilowatt hours 2.5 

Next 45,000 kilowatt hours 1.0 

All over 50,000 0.75 

Fuel Charge: 


A sliding scale based upon the price of coal, which cannot 
exceed 30 per cent of the calculated energy cost. 

Discounts: 

Ten per cent off for ten days payment on total bill. 

Ten per cent on energy charge for company owning their 
high tension transformers. 

Fifty per cent off of demand charge if no current is used 
during peak hours, this period being the time between 
five and seven p.m. 

Fig. 2 shows power costs per ton of metal, based upon 
this schedule. 


Table VI 

Pittsburgh District Contracts* 


Cost per 

Primary or Demand Charge: Kilowatt 

Fir.st 25 per cent of maximum demand .$4.00 

Next 25 per cent of maximum demand 3.00 

Next 50 per cent of maximum demand 2.00 

Kilowatt in excess of 1200 1.00 

Cents per 
Kilowatt- 

Secondary or Energy Charge: hour 

First 50,000 kilowatt hour.s .... 0.9 

Next 50,000 kilowatt 'hours 0.85 

All over 100,000 0.75 

Discount: 


From the secondary charge a discount of 0.005 cents 
per kilowatt-hour is made on the first 100,000 kilowatt 
hours for prompt payment. 

Fig. 3 shows actual metal costs based on this schedule. 

’“‘Electric furnace power from the central station stand- 
point.” E. A. Wilcox, American Electrochemical society, 
April, 1920. 
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Table VII 


East Power Contract 


Eastern power contract* available to customers with 
connected load of 200 kilowatt hours or more. 

Per kilowatt 


Demand Charge: per month 

First 200 kilowatts $1.50 

Next 800 1.00 

All over 1000 0.75 


Cents per 

Energy Charge: kilowatt hour 

First 10,000 kilowatt hours per month 1.5 

Next 90,000 1.0 

Next 200,000 0.8 

All over 300,000 0.6 

Remarks: 


Demand determined by averaging 30 minute peaks for 
first month, this rate to hold for remaining 11 months 
unless demand is increased. 

Five per cent off for prompt payment. 

No discounts for off peak use of power. 

*E. A. Wilcox. 


tract as shown the added charge based on price of coal 
amounts to 0.325 cents per kilowatt hour, or approxi- 
mately $3.25 per ton of clean castings. 

From these varying power schedules some compari- 
son may be had of actual electric energy costs, and the 
various methods of placing the charges. Each installa- 
tion usually requires a new power contract with the sup- 
plying company unless there are already electric furnaces 
on the company’s line, when a similar contract may apply 
to the new installation. 

Under nearly all schedules a heavy discount is al- 
lowed when power is taken in off peak periods and natur- 
ally it is to the benefit of the foundry to operate in these 
hours if possible. This usually is accomplished by mold- 
ing during daylight and pouring all work at night when 
the off peak hours fall at night. To do this certain con- 
cessions such as higher wages must be paid to the fur- 
nace and miscellaneous labor. T^he only objection to this 
is that a greater amount of floor space is required, and 
the number of flasks necessary is increased. This tends 
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Table VIII 

Great Western Co. Contract 

SERVICE'. 

This .service applies in the entire territory served except in 
standard voltagre of 2200 volts or over. 

TERRITORY'. 

' '^his .^schedule applies in the entire territory served except in 
Butte and Plumas County. 

RATE (A): 

Service at 2200 volts up to ayul hicluduig 25,000 volts... 

DEMAND CHARGE: 

First 200 kilowatts or less of maximum demand $300 per 
month. 

Next 200 kilowatts of maximum demand $1.00 per kilowatt 
per month. 

Next 500 kilowatts of maximum demand 75 cents per kilowatt 
per month. 

All over 1000 kilowatts of maximum demand 60 cents per 
kilowatt per month. 

ENERGY CHARGE: 

First 150 kilowatt hours per kilowatt per month, 8 cents per 
kilowatt hour. 

Next 250 kilowatt hours per kilowatt per month, 0 cents per 
kilowatt hour. 

All over 400 kilowatt hoin*s per kilowatt per month, 55 cents 
per kilowatt houi. 

RATE (B): 

Service at line voltage in c recss of 25,000 volts. 

The rate is the same as that set forth under Rate (A) above 
decreased by 10 per cent. 

SPECIAL CONDITIONS: 

{A) Total Charge: 

The total charge is the .sum of the demand and energy charges 
given above. 

{B) Voltage 

Service under Rate (A) will be supplied by the company at 
standard voltages of 2200 volts oi' more up to and including 
25,000 volts as requested by consumer. 

Service under Rate (B) will be supplied by the company from 
standard line voltages as available above 25,000 volts. 

(C) Demand: 

The maximum demand in any month will be the average kilo- 
watt delivery of the 30 minute interval in which the consumption 
of electric energy is greater than in any other 30 minute inter- 
val in the month. The maximum demand on which the demand 
charge and energy block will be based will not be less than 50 
per cent of the greatest maximum demand occurring during 
the 11 preceding months. 

Any demand occurring between the hours of 11 p. m. and 6 
a. m. of the following day will not be considered in the deter- 
mination of the above demand. 
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(D) All voltages referred to in this schedule are nominal voltages. 
TERMS AND CONDITIONS: 

See preliminary statement, application and contract forms and 
rules and regulations. 

to detract from one of the main advantages of the elec- 
tric furnace. This issue must be carefully thought out 



Fig. ] -Curve A is Plotted from the Rate Schedule, Table V, for 
the Knergy C'harge Only Without Added Fuel Charge — Curve 
B is Plotted from Actual Costs of Energy and Com- 
prises Calculated Cost Plu.s the Added Fig- 
ure for Fuel— Note the Great Differ- 
ence Caused by This Small Item 

and preference given to the arrangement offering the 
cheapest operation. 

When the off peak period is short it is possible to 
arrange heats so that the furnace will not be used at 
times when the load is heaviest. 

The Deynand Charge 

Another point of importance, especially in the new 
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shop where tonnages are low for the first few months, 
is that of demand. As this is a fixed charge regardless 
of how much energy is used, and its final cost is directly 
proportional to the tonnage, it is important to keep as 
low a demand figure as possible. This will mean keeping 



Fig. 2 — Actual Costs for Total Power, Including Demand, Energy 
and Fuel Charge Based Upon Actual Costs 


down the power input to the furnace, and will result in 
the heats taking a slightly longer time. 

Reference to Table V will illustrate this point. This 
power schedule has a sliding demand charge, and was 
drawn up to apply on the operations of a 3-ton acid fur- 
nace the normal capacity oT which was 1500 kilowatts. 
During the first two months operation, the tonnages were 
approximately 25 for each month. The demand was 
kept down to 1200 kilowatts costing $850 or about $34 
per ton. As business increased and it became necessary 
to make quicker heats, the furnace was allowed to draw 
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a heavier load and the demand went up to 1600 kilowatts 
costing $1150 or $5.75 per ton based on the output of 
200 tons obtained. If the demand had been set at 1600 
from the first it would have resulted in a needless ex- 
pense of $300 per month. 

Choosing the Size of Furnace. 

Electric furnaces are made commercially in sizes 
of from ton to 6 tons to be used for foundry work ex- 
clusively. Of the different sizes two find greater favor 



Fig. 3 — Actual Costs Per Ton for Power Under the Schedule as 
Described in Table V 

than any others. These range from Vsj fo 1 ton, and from 
3 to 4 tons. Each size may be overloaded, but these are 
rated capacities usually favored. 

Naturally, the prospective purchaser is interested in 
knowing which size will best meet his needs. It has been 
a common experience for a foundry to look ahead to con- 
templated expansion and buy a furnace too large foi’ 
immediate requirements. Consequently this later stands 
idle part of the time. Conversely,^ the opposite has been 
true in cases when unseen expansion has occurred due to 
such conditions as striking oil in adjacent territory, large 
industrial expansion, etc., where the demand for castings 
rapidly increased. 
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It would appear upon snap judgment, that the ad- 
vantage would lie with the larger size furnaces, due to 
their ability to handle a larger tonnage over a given 
period. When all of the points are considered, it appears 
that this advantage is little, if any. In fact it is the 
writer's opinion that the shop employing the smaller fur- 
nace has a distinct advantage in the great majority of 
cases provided careful management governs. 

In the careful calculation of this problem so many 
variable points are encountered that it becomes difficult 
to say positively that a 1-ton will prove superior to a 
3-ton furnace. By small furnaces are meant those from 
1/2 to 1-ton rated capacity, while large furnaces arc 
understood to embrace those from 3 to 5 tons each, sizes 
larger than this being found infrequently in foundries. 

Two main features should be considered in deciding 
upon the size of furnace necessary. These are: maximum 
sizes of castings to be made, and tonnage to be handled 
over a given time. If a company is engaged in manu- 
facturing where castings over 3 tons in size frequently 
are required, the larger fui*nace will be mandatory. 
Similarly, if the company has an as.su red tonnage suffi- 
cient to operate the large furnace to capacity is is out 
of the question to think of a small sized unit. However, 
many companies are not in such a fortunate position, 
but are dependent upon a general line of jobbing cast- 
ings for their income. Some are more fortunate in that 
a part of their output is used in manufacturing within 
their own plants. For the latter there is no question 
but that the smaller unit will prove more suitable. The 
advantages of the small type furnace may be sum- 
marized as follows: 

It is much easier to obtain the tonnage necessary for 
the economical operation of a small furnace than it is 
for a larger installation. 

It has been found in actual practice that of the work 
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handled in a 3-ton furnace shop, from 80 to 90 per cent 
could be cast from a small furnace. 

On classes of work too large for the small furnace 
added competition is offered by a large open-hearth shop, 
always eager to bid on tonnage work. 

The power demand is much smaller on ' the small 
unit, and during slack times when the furnace is not in 
steady operation this means a saving in fixed charges 
of from $500 to $1000 per month, depending upon the 
powei' schedule. 

Naturally the primary outlay will be much smaller on 
the 1-ton furnace. Further, the building will not need so 
much floor space due to the fact that smaller heats are 
poured at short intervals. The building, and crane run- 
ways can be built much lighter. The auxiliary equipment 
such as ladles, sand mixers, mold and core ovens, anneal- 
ing furnaces, and miscellaneous cleaning equipment are 
much smaller. The number of flasks needed is much 
smaller, due to the greater turnover. Many other points 
might be suggested indirectly in favor of the small unit. 
However, for further calculations it may be assumed that 
the cost of the items mentioned varies directly in propor- 
tion to the size of melting e(iuipment. 

Contmuous Operation Favored 

A main item in an electric furnace foundry is to be 
able to run continuously, to conserve the heat left in the 
furnace from the previous melt. The small unit is favored 
on this count. Heats of 1000 pounds can be made at a 
time and thus it becomes easy to keep the furnace in 
operation by working on different classes of metal. Com- 
mon steel castings may be made as the main product, and 
orders for small lots of special metal such as chrome, 
nickel, or manganese steel castings may be taken with 
profit. Under these conditions of operation, the cost of 
conversion becomes low, and with a fair power charge, 
gray and white iron castings may be made cheaper than 
in the cupola. Operating in this manner the furnace is 
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kept busy and cheap operating figures, with their attend- 
ant profit naturally follow. Table IX gives some operating 
figures from a number of shops. 

Superintendence seems at first glance to offer a 
problem. How is the shop with a small tonnage able to 
attract, and hold the high priced man? In the shop oper- 
ating a 3-ton furnace, a superintendent at say $5000 a 
year, melter at $3000, a foundry foreman at $3000, and a 
cleaning room foreman at $3000 will be necessary. Natur- 
ally, in the small shop it is impossible to have such an 
array of talent. Therefore, the solution is to obtain for 
superintendent a first class metal man who can handle the 
executive problems, who can break in his furnace crews, 
and who can oversee both the molding and cleaning. 
Such a man is worth $5000 or more. He will need the 
assistance of a first class molder who can be elevated to 
the position of a sub-foreman at about $175 per month, 
or $2100 a year. Under these conditions the size of the 
superintendent's duties will be just sufficient for him to 
handle the work with the highest efficiency, and as every- 
thing will be always at his finger tips he will function with 
the least amount of lost motion. In some shops the super- 
intendent walks around and looks wise. Why not put 
him to producing? 

Comparative P^'oduction Costs 

Now comes the crucial test in comparing furnace 
sizes. How much will the cost of finished castings from 
the two units vary? Several factors must be studied to 
determine the proper rating on this basis. 

Fixed Charges 

Assume conservative figures for output. Using acid 
operation the 3-ton unit will pour from three to four heats 
in 8 hours; and from seven to eight in 16 hours. The 
small unit will pour five to six heats in 8 hours; and from 
11 to 13 in 16 hours. • Assuming the large heats to be 4 
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tons each, and the small ones 1 ton, the following figures 
are obtained: 

to 1 3 to 4 

ton unit ton unit 

8 hour operation 5 tons 12 tons 

16 hour operation 11 tons 28 tons * 

Taking the conservative figure of 8 hour operatian 
the yearly tonnage for the small furnace will approximate 
1500 tons, while that for the 3 to 4-ton unit will be 3600 
tons. 

Assume that the total cost for the one ton shop is 
?50,000 and that for the three ton one amounts to |1 50,000, 
we obtain figures on fixed charges of $7000 and $21,000 
These figures cover all points of depreciation, amortiza- 
tion, repairs, etc., figured on the same basis for both 
installations. 

Superintendence 

This, as shown before, will amount to $7100 for the 
small unit, and $14,000 for the larger type of melting fur- 
nace. 

Cost of Metal in the Ladle 
The following figures are taken from actual operating 
sheets : 


Kilowatt Hours Per Ton 


Heat 

Number 

Small furnace 

Large furnace 

1st 

750 

700 

2d 

700 

600 

3d 

600 

530 

4th 

550 


5th 

550 


Average 

630 

610 


While the smaller furnace has the advantage of a 
more continuous operation, with its attendant saving in 
power, the larger unit has the advantage of a higher ther- 
mal efficiency, and thus the average power consumption 
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favors the 3-ton furnace. However, another point must 
be considered, namely, the demand charge. The demand 
will be 500 kilowatts for the small furnace, and 1500 
kilowatts for the large size. The power companies 
usually make a fixed charge of so much per KWH of 
demand. This can be shown in the following table: 


1-ton 3-ton 

Average kilowatt-hour per ton 630 610 

Monthly consumption 78750 183000 

at 1 cent per kilowatt-hour $787.50 $1830 00 

Maximum demand 500 1500 

at 1 cent per kilowatt-hour $500 00 $1500.00 

Total power cost $1287.50 $3330.00 

Power cost per ton $10.30 $10.10 


Labor Costs 


On the small furnace tvro men will be ample to take 
care of all melting, charging, and ladles. On the larger 
unit where greatei' amounts of scrap are needed a greater 
amount of help will be re(|ui]-ed. The following table gives 


the comparative la})or costs: 

1 melter at 75 cents 

1 helper at 50 cents 

1 ladleman at 50 cents 

2 chargers at 30 cents .. 

1 scrap craneman at 60 cents 


Per ton 


Small 

Large 

furnace 

furnace 

$ 6.00 

$ 6.00 

4.00 

4.00 


4.00 


4.80 


4.80 

$10.00 

$23 60 

$ 2.00 

$ 1.97 


Other Items of Cost 


Under this heading are, placed refractories, patching 
materials, electrodes, alloys, ore, tools, water, etc. While 
the cost per unit to line the larger furnace will be smaller, 
the efficiency will not be so great/ and it is reasonable to 
assume that the miscellaneous items will average the same 
for both size installations. The following comparison 
therefore may be made : 
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Small Unit 

Conservative Yearly Tonnage 1500 

Cost per ton 

Fixed Charges at $7000 $ 4.67 

Superintendence at $7100 4.73 

Power 10.30 

Furnace Labor 2.00 

Total Cost per Ton $21.70 

Large Unit 

Conservative Yearly Tonnage 3600 

Cost per ton 

Fixed Charges at $21,000 $ 5.83 

Superintendence at $14,000 3.89 

Power 10.10 

Furnace Labor 1.97 

Total Cost per Ton $21.79 


Under this final test of actual cost, it is shown that 
the small furnace compares favorably with one of larger 
capacity. However, before making any decision it will 
be best to tabulate as many different points as possible 
on the two units that all facts pertaining to the problem 
may have ample consideration. These are given in the 
following summary and from a careful examination of 
these the writer has drawn his conclusion that the elec- 
tric furnace of from to 1 ton capacity is a commercial 
success, and, furthermore, except under unusual condi- 
tions it is preferable to the larger sizes for general jobbing 
work, especially where the installation is a new venture 
into the steel casting business. The points which favor 
the smaller furnace follow: 

Ability to meet competition 

Adaptability 

Supervision ‘ 

Primary costs 
Cost of metal 
Quality of metal 
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plies and Other Furnace Necessities 
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Ease of handling 
Return in clean castings 
Money tied up in supplies 
Possibilities for profit 

In many installations the electric furnace is placed at 
one end of the shop, provision being made in most cases 



Fig. 5 — A Furnace on a Platform — Note the Heavy and Costly 
Concrete Construction Required — in Addition the Crane 
Must be Used to Bring Everything Needed from 
the Floor Up to the Melting Platform 

for a second unit should it become necessary. Placing 
the furnace in such a position gives a clear molding floor, 
and provides a space for all items, such as ladles, etc. 
Thus the melter has all his accessories directly under his 
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eye where he can keep close touch, the ladles coming un- 
der the steelmaker's supervision. 

Such a location permits straight line routing, the 
scrap being brought in from the yard behind the furnace, 
and passed down the floor as molten metal with a min- 
imum of handling. Some furnaces are arranged in a 
side bay so that they are tapped into the main molding 
bay. This is satisfactory for small furnaces where the 
electrodes can be handled by hand, but necessitates the 
use of some sort of swing crane when changing roofs. 

The furnace itself may be placed either on a platform 
or at the floor level. A furnace situated on the floor level 
is preferable for many reasons. All supplies, such as sand, 
coke, alloys, scrap, etc., may be brought conveniently 
to the point in use in trucks or wheelbarrows. The melter 
can look over the pouring, examine the ladles, etc. The 
only disadvantage of this setup is the fact that a deep 
pit is required which in certain localities may allow a 
seepage of water, but if periodic attention is paid to empty- 
ing the pit or to permanent drainage, this offers no great 
difficulties. The two methods of placing the furnace are 
shown in P'igs. 4 and 5. 

The furnace being decided upon the next step will 
to the consideration of the product to be made. This 
tends to determine the make of furnace to purchase and 
controls the method of operation, whether acid or basic. 
While many furnace makers claim that their equipment 
will work as well on acid as on basic operation and vice 
versa this is not strictly true. Certain furnaces are in- 
tended for rapid acid operation and in practice prove too 
fast for the slow refining necessary for good basic steel. 
Again, furnaces designed for basic conditions are far too 
slow for the rapid melting necessary under heavy acid 
steel production. Therefore the next chapter will give 
data on the examination of product which will determine 
whether acid or basic operation is to be used. 



Ill 

FACTORS TO BE CONSIDERED IN CHOOSING THE 
TYPE OF FURNACE 

P erhaps the greatest point in favor of the basic 
process is its ability thoroughly to deoxidize and de- 
sulphurize. Therefore, its use is mandatory for any 
class of product depending upon the absence of these ele- 
ments for its quality. However the acid process is noted 
for its speed and cheapness of conversion and naturally 
is favored for use wherever possible. 

The Basic Furnace 

The various conditions or products which may be 
served better by a basic furnace are summarized under 
the following classifications: 

For Manganese Steel 

Manganese steel due to its high percentage of manga- 
nese and the affinity of this metal for silica to form a 
manganese-silica oxide slag rapidly slags out an acid 
hearth. However, manganese is negative to both dolo- 
mite and magnesite, the usual constituents of a basic 
hearth. Naturally, if manganese steel is to be made reg- 
ularly in a furnace the basic lining is essential. If man- 
ganese steel is to be made only at rare intervals, it can 
be produced on an acid hearth by adding the alloy to the 
ladle in a molten condition. 

One of the great problems of the manganese steel 
shop is the recovery of heads, gates, spill, etc. This is 
simple when using a basic furnace, as this scrap may be 
remelted with a small loss of manganese. Previous to the 
advent of the basic electric furnace, it was the cus- 
tom to remelt this scrap in an air furnace with attendant 
high loss. 
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For Highly Refined Gray Iron 
For such products as piston rings, pressure cylin- 
ders, valves, etc., an iron is required which is soft and 
of a tight, dense structure. The basic furnace, due to 
its powerful desulphurizing features is growing in favor 
for such purposes. Sulphurs have been made as low as 
0.009 per cent, and strength far higher than ever ob- 
tained from the cupola metal have characterized electric 
iron. For large tonnages duplexing with the cupola is 
possible, while the basic furnace offers an unexcelled 
method for using cast iron borings and turnings. 

Under this heading may also be classed a great va- 
riety of alloy irons used for such special purposes as 
the following: For heat, flame, gas, fume, and acid re- 
sisting castings; iron for special electrical purposes; spe- 
cial white irons for abrasive purposes, etc. The alloys 
in common use are chromium, nickel-vanadium, silicon, 
and manganese. As these are higher in price, the econ- 
omy in using them is a prime necessity especially scrap 
recovery values. 

For Remelting Alloy Steels 
Due to its de-oxidizing features, the basic process is 
of great value in recovering such costly alloys as chrom- 
ium, manganese, vanadium (partially), molybdenum, 
nickel, and other alloys coming into wider use such as 
uranium, zirconium, and boron. These alloy steels may 
be remelted with only the slightest losses under care- 
ful operation, and when the increased use of such metals 
is considered it is readily seen that this is an extremely 
important qualification. 

For High Quality Metal 

This feature covers such classes of steel as may 
require extensive heat treating iwid machining opera- 
tions in which the cost of molten metal is the smallest 
factor, and where quality and regular composition are 
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items of the greatest importance. In this category may 
fall cams, gears, steels to be operated under pressures 
or at high speeds, or steel to be used in cases where a 
failure would cost more than the initial price of several 
castings. 

The basic process, due to the fact that the steel may 
be held in the furnace indefinitely offers perfect con- 
ditions for regularity of composition. The steel may be 
ready to tap and a test sent to the chemist and the heat 
held for its final adjustment, dependent upon his analy- 
sis, without the least ill effect. This feature is not found 
in any other method of steelmaking. Further, the metal 
may be held under a carbide slag until the last trace of 
gas is dissipated, and may be poured with the knowledge 
that it is right. Where heat treating is of importance 
such conditions of real quality and regularity are of vital 
necessity if rejections are to be kept to an absolute min- 
imum. 

Where Economic Conditions Favor 

It may be that a shop will have the opportunity to 
obtain enough special work to warrant slightly higher 
operating costs to obtain a greater .tonnage and more 
regular furnace operation. For instance, this might hap- 
pen in certain localities where it would be possible to 
make steel castings, gray iron castings, and manganese 
steel. While the conversion costs would be higher, the 
better operating figures from steady operations, and the 
decreased overhead, together with the higher profit from 
specialties might amount to enough to overcome this add- 
ed cost of conversion in favor of the basic furnace. 

A second case would be where it was impossible to 
obtain acid scrap except at a high premium for low sul- 
phur and phosphorus. In such a case it would be a ques- 
tion as to whether cheap basic scrap and high conversion 
figures would be cheaper than high priced acid metal and 
low conversion costs. This can be better shown by a 
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table of costs made up by a company which faced this 
condition. As soon as it was found that it was neces- 
sary for this company to have low phosphorus, low sulphur 
scrap, the metal dealers immediately raised their prices 
on this class of steel to $22 per ton, while selling ordi- 
nary basic, open-hearth scrap at $12. The solution to 
this problem was the decision to operate by the basic 
process until satisfactory scrap could be obtained at a 
fair figure, and large amounts of basic scrap were con- 
tracted. After several months^ operation the scrap deal- 
ers came to time and basic operations were discontinued. 
The comparative costs follow: 

Conversion Costs • 


Labor 

Basic 
$ 1 fi7 

Acid 
$ 1.33 
6.00 
2.10 

Power 

Q no 

Repairs 

4.20 

Slag and miscellaneous 

1.00 

25 

Alloys 

1.60 

2.35 

Scrap @ 3 per cent 

$17.47 

$12.03 

12.36 

22.66 

Cost of molten metal 

$29.83 

$34.69 


In this particular instance the balance was in favor 
of the high conversion cost and cheap scrap to the amount 
of $4.86 per ton of molten metal or approximately $7.48 
per ton of cleaned finished castings. 

A third case would be under circumstances where 
it was necessary to make exceedingly low phosphorus and 
sulphur metal, but as this is rare it does not warrant 
special mention. 


The Acid Furnace 

The foregoing summarize the' more important con- 
siderations which dictate basic rather than acid opera- 
tion. Next we may study the various points which favor 
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the acid lined furnace. These are set forth under their 
various headings as follows: 

For Ordinary Carbon Steel 

For plain steel castings the acid process is much su- 
perior to basic operation. Furnaces designed for acid op- 
erations use higher voltages than those intended for the 
lengthy i-efining operations of the basic furnace. Con- 
sequently, the time per heat is lowered and a greater 
tonnage can be obtained over a given period. Shorter 
time of melting means a shorter period where radiation 
loss is effective which cuts the power consumption. This 
(luicker operation means less electrode consumption, and 
lowers refractory costs. There is no large volume of 
limey slag to heat, and splash on the furnace walls. This 
means a further saving in power, and increased refrac- 
tory life. Old molding sand is used for slag making which 
is far cheaper than a mixture of lime, fluorspar, and 
ground coke. Common silica sand is used for bottom 
making and for patching purposes being considerably 
cheaper than either dolomite or magnesite. 

Due to the absence of this heavy slag body, and to 
the better heat resistance of the acid hearth, it is pos- 
sible to make acid steel much hotter than basic. This 
is a great advantage where small size castings constitute 
a large portion of the shop’s output. An acid slag will 
not attack the ladles in the same manner as will a basic 
slag, nor will it slag off the bricks on the stopper rod 
as sometimes happens on a hot basic heat. These points 
make for cheaper ladle upkeep, an important item in a 
year’s time. 

An acid furnace i» much easier to operate than a 
basic unit and can be handled with less labor. Consid- 
erably less brick work is required on roof building, and 
repairs to the side walls and hearth are negligible. An 
acid bottom is kept in repair easier than a basic one due 
to the fact that sand used for patching tends to sinter 
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in better than the higher melting point basic material. 
Furthermore, an acid hearth will not come up in lumps 
like one made of magnesite, and does not require any te- 
dious slagging off except in unusual circumstances. 

The main argument against acid operation is that 
the quality of the steel made is not as high as that made 
by the basic process. While it is perfectly true that a 
higher grade of steel can be consistently made by the 
basic process. The author does not consider that such 
added quality is necessary for the majority of steel cast- 
ings. Not only will acid furnace metal satisfy all exist- 
ing specifications for steel castings, but in the majority of 
cases, where a first class man is in charge of melting op- 
erations, it will give tests of from 5 to 15 per cent above 
the required figures. 

While acid steel is probably not exposed to as vigorous 
a reduction as basic metal, it tends to give a higher de- 
gree of solidity in the mold, especially on green sand work, 
which results in a lower percentage of defective cast- 
ings. 

However, in one physical factor basic steel is su- 
perior to that made by the acid process, and that is in the 
comparative freedom from hot checks, cracks, and tears 
in castings made from basic steel. Acid steel if poured 
too hot in certain types of casting is likely to tear and 
greater care is necessary in the use of heads, brackets, 
(ions, and fillets. After a molder foreman once under- 
stands this peculiarity of his metal, little trouble will be 
encountered. 

Due to the nature of acid slag, tending to harden on 
exposure to the air, little trouble is experienced with slag 
inclusions where, a top pour ladle is used, this being 
common practice in shops which operate furnaces of the 
smallei- sizes. The use of a bottpm pour ladle which is' 
the only real satisfactory vessel for pouring steel will' 
prevent such troubles. 
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For Ordinary Gray or White Irons 

Unless extremely low sulphurs are required in the 
iron the acid furnace will prove satisfactory. A good 
grade of scrap will be necessary for machine castings, and 
often by the judicious use of pig exceptionally high 
grade irons can be produced. The big feature of the elec- 
tric furnace for melting iron is its ability to superheat, 
and this can be effected as well under acid as basic con- 
ditions. For certain classes of metal varying percentages 
of steel may be used, resulting in an iron of lower phos- 
phorus and sulphur content with its attendant higher 
strength. Castings which formerly were poured of high 
phosphorus stove plate iron can be readily poured from 
ordinary analysis metal with no danger of a misrun. Un- 
der certain conditions synthetic iron may be made from 
a steel base with a phosphorus as low as 0.02 per cent 
which exhibits unusual qualities of strength and toughness. 

For Infrequent Special Alloy Melts 

Such alloy steels as nickel, chrome, vanadium, sili- 
con, and manganese up to about 1.50 per cent may be 
made on the acid hearth. Manganese steel can be made 
by adding the alloy to the ladle in the molten condition. 
The great disadvantage is the fact that these alloys 
cannot be recovered on the remelt which makes this 
method uneconomical. 

Compares Operating Costs 

To determine the actual difference in conversion costs 
between the acid and basic processes, experiments were 
carried on by the writer. The furnace was a well known 
make rated at 3 tons' capacity, operated under both proc- 
esses by the same men, and under exactly the same con- 
ditions as to number of heats per week, etc. The scrap 
used was medium size and possessing approximately the 
same amount of phosphorus and sulphur so that there 
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was no great attempt to reduce either of these elements 
when operating basic. 

The steel made in both cases was to be used for 
steel castings only, and w^as made to satisfy the standard 
specifications of the American Society for Testing Ma- 
terials for soft to medium grades. The metal made an- 
alyzed as follows: Carbon 0.22 to 0.26 per cent; manga- 
nese 0.60 to 0.80 per cent; silicon 0.25 to 0.30 per cent; 
sulphur and phosphorus below 0.06 per cent. 

The slags on basic operation were made of a good 
grade of burned lime, gravel fluorspar and crushed coke. 
Acid slag was made of old molding sand. Slags in both 
cases were of such an amount as would be used under 
the best of operating practices, and all heats were made 
under the highest of metallurgical care. 

The same number of heats was taken for compari- 
son, being taken at a period when two heats were be- 
ing made daily averaging 4 tons per heat. The metal 
was being poured into small and medium size work, each 
heat pouring close to 35 flasks. The operating condi- 
tions are tabulated as follows: 


Acid hours 

Time of first heat 1:30 to 1:45 

Time of second heat 1:15 to 1:30 

Kw. Hr. per ton 1st heat 625 

Kw. Hr. per ton 2d heat 550 


Basic hours 
3:00 to 3:30 
2:30 to 3:00 
885 
770 


From these results were calculated data on what 
could be expected under both methods of melting. These 
are shown in the accompanying Table X. 

This gives a balance in favor of acid operating of 
$5.76 per ton or approximately $8.87 per ton of finished 
casting based on a return of 65 per cent of the molten 
metal. 

In addition to the differences in metal costs other in- 
direct advantages are possessed by acid steel. Hotter 
metal is obtained and fewer castings are lost from mis- 
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runs. The percentage of castings lost from slag pockets 
is also less, due to the greater tendency of acid slag to 
clean itself from the metal. Basic metal refined under 
a heavy carbide slag, often gives difficulty in green sand 
molds, causing blowy work. While this never has been 

Table X 


Acid Versus Basic Operation 
Three to Four Ton Furnace 


Conditions of Operation 



Power 

Time 


kilowatt hour/ton 

hours 

1 heat per day 

A 600-650 

1:.30-1:45 

B 875-900 

3:00-3:30 

2 heats per day 

.. .A 550-600 

1:15-1:30 

(2d heat) 

,. ..B 775-825 

2:30-3:00 

3 heats per day 

. .A 475-525 

1:10-1:30 

(3d heat) 

. . . B 625-700 

2:1.5-2:25 

24 hour operation 

. A 450-500 

1:10-1:20 

(Average) 

.B 575-625 

2:15-2:25 

Item 

Acid 

Basic 

Number of heats poured . .. 

12 

7 

Tonnage — molten metal 

. 36 plus 

21 plus 

Cost Comparisons 


Labor: 3 melters @ 75c hr. 

Dollars Dollars 

3 helpers @ 50c 

per ton per ton 

6 laborers @ 30c . . 

1 23 

2.11 

Power: Acid 500 KwH (a) 2.00c 

Basic 600 

10.00 

12.00 

Electrodes: Acid 14 pounds Qi) Cc 

Basic 22 pounds . ... 

0.84 

1.32 

Refractories and patching materials 

1.00 

2.50 

Slag making supplies 

0.10 

1.00 

Alloys 

0.90 

0.90 

Conversion cost 

$14.07 

$19.83 

Scrap metal: 

$18.00 per ton @ melting loss 18.00 

18.90 

Cost molten metal 

.. . $32.97 

$38.73 


explained satisfactorily it seems that some dissolved car- 
bide becomes liberated *upon reaction with the acid mold 
material causing an evolution of gas often sufficient in 
volume to ruin the casting. 

Choosing a Furnace 

At present approximately 15 or 20 makes of electric 
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arc furnaces ate available on the American market. Of 
these few are of such a design as to warrant successful 
operations from a commercial standpoint. In number in- 
stalled the Heroult furnace, one of the oldest on the mar- 
ket, still leads. 

The Heroult furnace, while being used in some cases 
on acid operations, is strictly a basic furnace. The power 
usually is arranged to give from 110 to 130 volts on the 
high side, and from 70 to 90 on low. This is to supply 
a short arc during refining with its attendant low radia- 
tion making this finishing period less severe on the roof 
and side walls. The furnace is cylindrical in shape with 
two charging doors on opposite sides and the pouring 
spout in front. This arrangement is excellent for ease 
of charging and for patching, working slag, etc. Of the 
181 furnaces of this make in use probably 175 are in 
basic operation, a great majority being used for the pro- 
duction of ingots and alloy metals. 

The majority of Ludlum furnaces are in use either 
for gray iron refining or for making steels of the finest 
quality. This furnace is of an elliptical shape with two 
large doors, one extending the full width of each end. 
The walls slant up and out tending to retain the shape 
of the banks, and resulting in a long refractory life. The 
three electrodes aie in a straight line down the center 
of the furnace, and are connected three phase. For the 
production of tool steels this furnace is giving satisfactory 
operating results, but seems to be handicapped in the rapid 
operation in a foundry. 

The Greaves-Etchells furnace is unique in that it uses 
the principle of the conducting hearth implying basic op- 
eration only, as an acid refractory will not conduct the 
current. Magnesite when hot is a good conductor of elec- 
tricity, and it is this fact upon which the furnace opera- 
tions are based. The transformers are Scott connected, 
two i)hases going to the electrodes and the third being 
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direct connected to the hearth. By an arrangement of 
switches the power is so arranged that at the start of 
operations when the hearth is cold, and non-conducting, 
all the current enters through the electrodes, the hearth 
connection being thrown in when a pool has formed. 
For fine steels containing high melting point alloys such 
as tungsten, etc., this probably offers advantages due to 
the bottom heating and to the agitation caused by con- 
vection currents emanating from the conductive hearth. 

The Greene furnace has had a rather rapid increase 
in numbers during the past few years. The furnace is 
a rolling cylinder placed with the axis horizontal in each 
end, and a small pouring spout in front. The shape of the 
hearth therefore is oblong, the three electrodes being in 
a straight line. The melting is slow for an acid fur- 
nace. 

The 'Llectromelt or Pittsburgh furnace is typically 
an acid furnace designed for quick operation. It is three 
phase and is made high speed by using a high power in- 
put. The melting down voltage is about 180 and the re- 
fining or finishing about 120. Consequently heats can 
be melted in a short time. The normal power input is 
high for the slow refining necessary to good basic steel, 
but as this is a feature of the transformer rather than 
the furnace, it could be easily lowered. At present sev- 
eral basic installations of this furnace are operating sat- 
isfactorily, but best results have been obtained in the acid 
process. 

Other furnaces operated successfully upon one or 
the other of the two types of lining mentioned might be 
enumerated, but those which were briefly noted were the 
makes with which the author has come in contact. 



IV 

LINING THE BASIC FURNACE 

A n electric furnace, like any other machinery, 
^ always must be kept in the best of condition if 
the best results are sought. While a furnace is 
merely a steel shell, lined with brick, and on first thought 
to keep it properly lined would seem to offer a simple 
problem, such is far from true. The economical operation 
of an electric furnace, and the steady production of high 
class steel implies a minimum of trouble with the refrac- 
tories used. The brick used in furnaces are rather costly 
and the labor required for roof and wall building con- 
stitute an important item in the foundry. The reduction 
of these items as much as possible is one of the basic 
points required of a good melter, and naturally is made 
possible by obtaining as great a number of heats as can 
be had. Hearth trouble is another point of great difficulty 
and often results in a heat of defective steel, caused by 
pieces of the bottom material coming up and throwing 
back the slag. 

The only real teacher of the many small points neces- 
sary for steady, economical operations is experience, and 
often the lesson is learned at great cost, both to the melter 
and to the company. 

When a furnace is installed in a new shop, it con- 
sists of the electrical equipment, and the furnace shell. 
Usually the manufacturer sends a man to start off the 
equipment. He remains until the first ten or twelve heats 
have been poured. The furnace then is accepted by the 
company and turned over to the melter. If he is an 
experienced man there probably will be no difficulty, but 
the trend in many shops has been to take a helper, or 
some other similar type of man and make him a melter. 
It is foolish to expect such a man to acquire from the 
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manufacturer’s representative in a few heats the expe- 
rience necessary to make good steel. If this man for- 
merly has been an open hearth or converter man he will, 
in all probability, be able to make good steel. But he will 
be unable to attain economical operation in his furnace, 
as such equipment is vastly different from any of the 
older processes of manufacture. Therefore, it is not 
uncommon to note the great variance in results obtained 
on similar furnaces making the same classes of steel. 

The initial step is bricking the furnace preliminary 
to putting in the hearth. While different methods of 
laying the brick are followed depending on the make of 
furnace, for the purposes of illustration the most common 
type of furnace, the three phase direct arc will be con- 
sidered. These may be represented by such makes as the 
Heroult, Pittsburgh, Ludlum, and Greene, which while 
of different hearth shapes are handled in the same manner. 

P^urnace shells always are built deeper than required 
to give a high factor of safety, and to enable the furnace 
to handle heavy overloads if required. This extra depth 
generally is filled with some sort of a cheap, and medium 
refractory material, the most common being fire brick. 
Straight brick are used, and are laid on the flat side, 
two high. First about one inch of a stiff fire-clay mud 
is placed on the shell. The initial course of brick are set 
into this, care being taken to make all joints as tight as 
possible. As these brick constitute the last line of de- 
fense in case of serious bottom trouble, it is as necessary 
to take as much care of this operation as on the hearth 
itself. After the first layer of clay brick is set the surface 
is washed with a thin, fireclay slurry, the mixture being 
forced down into all cracks by steady sweeping with a 
common broom. When no cracks are seen the second 
layer may be laid. 

The brick in this layer are placed in the same manner, 
with the exception that only about Vi inch of clay mud 
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is used, of such a consistency that it tends to ooze up 
through the joints as the brick are forced together. When 
the course is complete, the mud slurry is used again as 
before mentioned. 

Progress from point will depend upon the method 
used to form the hearth, of which there are two. These 
are as follows: 

1 — Forming complete hearth of grain magnesite. 

2 — Forming the hearth shape with magnesite brick. 
riMiuiring only a thin area of grain magnesite. 


"SiliCG 


Maqnesite " 


Clay Brick J 

()- Mt^thod of Layinj? Brick for Hearth and Walls 

First Method 

If the first method is to be used the brick will be laid 
as shown in Fig. 6. On laying the first course of mag- 
nesite brick, care must be used to form a good bond with 
the preceding clay course. Thi^ is accomplished best by 
the use of sodium silicate or as it is more commonly known 
as ivater glass. This is a viscous licjuid, which upon 
drying hardens into a true silicate' with good bonding 
qualities. As it hardens (juickly, only small sections are 
laid at a time. The clay course is swept free of any 
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superfluous fireclay and is ready for the magnesite brick. 
Each brick is dipped into the sodium silicate so that it is 
thoroughly covered and is quickly shoved into place. This 
operation is continued across the entire furnace, all 
cracks are filled by pouring a small amount of the silicate 
into them, and the second course is laid in a similar 
manner. 

Some furnace men prefer to lay the magnesite brick 
in a bed of finely ground magnesite, contending that a 
basic brick should be laid in material of its own compo- 
sition. While this is true from a chemical standpoint 
it is not so in practice. If the hearth gives way the hot 
metal is allowed to run down upon these brick. The 
powdered magnesite between the brick provides no bond, 
and the chances are that the metal will displace the filler 
and go through to the clay brick. With the sodium sili- 
cate, a bond is produced as strong as the brick itself and 
there is no chance for the metal to go further. Conse- 
quently, when the heat is poured it often is possible to 
patch directly on these brick with no shutdown required 
to clean the hearth of set steel. That this is important in 
eliminating a shut down requires no argument. The main 
point of adverse opinion on this method is the fact that 
an acid binder will slag out the basic brick. This would 
be true if it were placed in a position where high tempera- 
tures were constant, but under hearth conditions where 
these high temperatures are infrequent, this argument 
is a fallacy. The author has seen cases where several 
heats in succession were made directly on the bottom 
brick, and there was no vestige of erosion other than the 
small amount of spalling caused by changes of tempera- 
ture. Cases also were noted where powdered magnesite 
was used, and in each instance the metal went through 
to the clay course. Another reason brought forward in 
favor of powdered material over the cement is the con- 
sideration of expansion, the exponents of the former claim- 
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ing that any small clearance between the brick is taken 
up when the furnace becomes hot. They state that a brick 
set in sodium silicate has no means of expanding, and is 
likely to buckle, causing hearth trouble. While this argu- 
ment is sound theoretically, the actual facts are that the 
temperature of this course is never high enough to cause 
trouble from a material with such a small expansion as 
magnesite. 

Laying the Side Walls 

As soon as this second course of magnesite brick is 
laid it is time to begin on the side walls. These will be 
laid of 9-inch magnesite brick, sufficient keys being used 
to make the circle. These brick are laid dry. and are fitted 
rather loosely, about 14 inch clearance being allowed to 
the lineal foot. Such a tolerance is continued until the 
walls are within a few courses of the metal line, when this 
expansion is increased to about V« inch between each two 
bricks. Often, powdered magnesite is used between the 
bricks, but this is not at all necessary and is only an added 
expense. 

The height to which these basic brick will be laid 
depends upon circumstances. Formerly it was the custom 
to lay basic brick for a few inches above the slag line, 
the remainder of the furnace wall being laid with silica 
brick, but in the last few years the use of basic material 
for the entire wall has increased. This point will be 
covered more fully under special refractories. Some 
analyses of refractories used are given in Table XI. 

Assuming that silica brick will be used from the slag 
line to the roof they will be laid dry the same as the 
magnesite. Often, a course of some neutral refractory 
is laid between the acid silica and the basic magnesite, the 
more common being chrome brick. Results have not 
proved the necessity for this, although there is nothing 
against such a procedure except the high cost of chrome. 
These silica brick are laid with an expansion tolerance of 



44 


Refining Metals Electrically 


not less than 3/16 inch per foot, which will be taken up 
quickly during the heating preliminary to burning in the 
hearth. 

When the brick are laid up to the proper height, the 
jambs are placed and the arches laid. Special brick with 


Table XI 

Anat.yses of Refractories Used 


Silica 


A 

H 

C 

D 


95 50 

97 20 95 40 

95.95% 

Alumina . . 


1 53 

1 40 

1 70 

1.69 

Iron oxide 


.7.5 

.20 

40 

.51 

Lime . .. 


2 13 

.76 

2 00 

1 20 

MnencHtu 


11 

.35 


.16 

A Ilarbison-Walker Co.. U 

S A 





n General Refractory Co.. 
C EnRliah brick. 

D German brick 

U S. A 





From “General Metallurcy” 

by H O Hot man. 





MaKnesite 

Brick 




Locality 

Macnesia 

Linu* 

Iron and A1 

oxide 

Silica 

Syria 

S') ‘11 


il 05 


4 7n<,, 

Nor\% ay 

h:i (*0 


6 60 


9.30 

Greece 

H6 .'*0 

.3 76 

6 64 


3 10 

USA 

<13 03 

4 20 

72 


2 16 

USA 

H7 66 

1 19 

‘1 29 


2 05 

USA. 

!10 22 


8 28 


1 38 

“General Metallurcv" by 11 

() Hofmnn 






Calcined Dolomite 




Silica 

1 66 

2 50 

1 40 


3 66 

Iron and ahimiria oxide 

4 80 

3 99 

3.75 


4 80 

Uime 

r,6 50 

57 3‘J 

57 30 


55 50 

Macnesia 

3'. 83 

34 <1.5 

37 38 


34 83 

Loss on iRnition 

1 06 

1 00 

60 


1 06 

‘MetallurRy of Steel’ ’ by F 

W. Bnrboard 





“Chemists and Metallurcists 

Handbook” uv 

I.idell 




Dead Burned 

Muftncsitc 




Macnesia 


M'l 15 

79 20 


86 42 

Lime 


‘2 1(1 

3 05 


1 68 

Silica 


2 00 

10 30 


7 00 

Iron and A1 oxides 


'• 6*. 

710 


4 75 

Loss on iRtiitioii 


15 

35 


15 


NOTE : Anulvsis doc.s nut filwav' sh»»w a first rl.iss niarticsilf for furmiff pnr- 
pusps. S<iTn<? riiilnral nmjrnesites. alter lieinjr luirned. ^hou eM-ellput f|iin]ilii*s 

siieh as low Hiliea and hijfli mairnesia, Juit .ire of no use lor palchinK due to IheT 
lack of boniluiv'' iiualitien The hit'-hesl triade nmlei i.il is made t>y crushing majr- 
neisite with iron ore and lu/rninK until in a sintered londilion The iron combines 

with the inaKnesite to form a refractory which ha- perfect furnace properties 
llial of Rood resistance and lint' sintirinir features A refraitorv manufactured in 
this manner will neailv alviays show a decided color such as a dark red to 
hrowri. or sometimes even a dark steel* blue liicht lolored rnaRnesite of a white 
Cray or licht brown color will in Ibi maiority of c.ises iirove unsal isfactorv 


1 ‘ounded corners are used for the jambs. These are stag- 
gered for added strength. For the best results, these brick 
should be dipped in sodium silicate, or some other refrac- 
tory cement that more strength may be had by bonding. 
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The arch brick should be set in the same manner, and it is 
always better to lay a two high arch if space permits. As 
the arch is the weakest part of the lining, great care 
should be exercised to obtain a true cttrve, and plenty 
of refractory cement should be used. The brick used 
should fit snug enough so that any pressure only tends 
to bind it tighter. After the arches are completed, pieces 
of brick are fitted in to make a level surface upon which 
the roof will set. 



Fi^r. 7- Second Method of Building: Hearth by Offsetting Brick 
Second Method Suggested 

With the second method of building the hearth to 
shape with magnesite brick a similar procedure is followed 
a.s far as the first two courses. From this point, the 
brick will be offset, the amount for each course depending 
upon the shape of hearth desired, the size heats for which 
the hearth will be laid, etc. The way such a setup appears 
is shown in Fig. 7, the dead corners being laid with clay 
brick for cheapness. 

The cost of the two methods is about equal, the first 
requiring less magnesite brick, but more grain magnesite. 
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The second reverses this condition. In the long run, the 
second method is far superior to the first for many 
reasons. These are as follows: 

The second"* method gives a great saving of time and 
power required in the burning operation. 

With no dead corners to burn in, a better bottom is 
assured as the magnesite may be spread more evenly, and 
a more uniform burning takes place over the entire hearth. 

With the approximate shape already laid out, it is 
easy to build the hearth to proper size without giving an 
undue depth in the center. 

With such a secondary brick bottom, the odds are 
that the metal always will drain clean, even though a 
bad hole may form, allowing easier patching. 

That these points are appreciated is shown by the 
ever increasing number of hearths made in such a 
manner. 


Building the Roof 

Roofs used on electric furnaces are in the great 
majority of cases made of silica brick, although re- 
cently there have been quite a few instances where car- 
borundum brick have been used. However, their cost is so 
great that it is a question whether the added life will 
counteract such an excessive price, although the points in 
their favor are numerous. All furnace makers supply 
with their equipment two roof rings. One is maintained 
as a spare, to keep a roof always set up for an emergency. 
This ring is set around a form shaped to the desired con- 
tour upon which the brick are set. Many ideas are in 
vogue for making a form, the use of wood, cement, and 
iron castings being common. As this is a fixed asset it 
is necessary that some sort of a permanent arrangement 
be made as every roof will necessitate such a form for 
its construction. A form made of cast iron is more satis- 
factory than any other. It may cost more at the start, 
but its many fine features rapidly will pay for the extra 
expense. 
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In making this casting, a sweep can be used, which 
saves the cost of a pattern. An iron form is smooth, 
easy to handle, indestructible, and does not tend to warp 
or change in size as does a wood form. It' may be made of 
rather thin section, and is cheaper to construct than a 
similar shape of concrete. 

Two ways of making a roof are suggested. These 
involve using standard shapes, or using patent brick. 
The patent brick are made of a special shape to exactly 
make up the roof. Consequently, they are easier to lay 
and a saving in time is effected. Due to their better fit, 
longer life is obtained than from roofs made of stand- 
ard shapes. A comparison of costs between the two 
methods depends greatly upon the continuity of operation. 
Under conditions of steady operations, where from six to 
10 heats per day are being made, the patent roof will give 
superior service, due to the fact that the brick are con- 
siderably larger than standard shapes, and that there is 
little chance of the roof contracting due to cooling down. 
Under intermittent operations where the roof is allowed 
to cool over night, the patent bricks, of large size, tend 
to spall and crack badly and the service obtained is not 
nearly so good as if ordinary silica brick are used. As a 
patent roof costs considerably more than one of common 
brick there must necessarily be sufficient greater life 
obtained to overcome this extra cost. 

Under conditions where only a few heats are made 
each week, a roof made of common fire brick probably 
will prove more satisfactory than one of any other kind 
of material. The roof brick are cheap when compared 
to silica refractories. They may be made to fit perfect- 
ly by grinding to shape on an abrasive wheel. They do 
not tend to spall, but burn in nicely 'and give a compara- 
ble life in number of heats. 

Regardless of whether patent or standard brick are 
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used there are certain points of importance to consider 
in laying the roof. These are as follows: 

Some arrangement must be made to take care of 
expansion when bringing the roof up to steel making tem- 
peratures. 

A similar arrangement must be made to prevent any 
slipping of the brick should it become necessary to al- 
low the roof to cool. 

The brick must be so laid that there will be neither 
bulging nor sinking after operations have commenced. 

Expansion is handled by expansion strips, which may 
be made of any combustible material, such as wood, paper, 
cloth, etc., which will burn out as the temperature rises. 
The number of expansion strips to use wdll differ, depend- 
ing upon the regularity of operations. If continuous op- 
erations are assured, rather heavy strips will be used 
as expansion will be taken up over the first three or four 
heats. In this instance wood strips are preferable, shin- 
gles being an excellent material, and are used to give an 
expansion of approximately 3/16 inch. Any loose brick 
can be tightened by driving in small wedges, enough be- 
ing used to insure sufficient tightness to allow lifting 
the roof upon the furnace. 

For intermittent operations, expansion allowance of 
about % inch per foot is preferable and to allow this paper 
can be used between the brick. Magazine pages are ex- 
cellent as they can be quickly prepared of any thickness, 
and readily burn out on the first or second heat. 

To prevent the brick slipping they are so laid that 
each brick is tied in. By using keys and wedges through- 
out, this condition is attained, and by using a severe start- 
ing angle each brick is resting against the one behind 
it in such a manner that there is small possibility of a 
brick slipping through. 

Causes of Bulging or Sinking 

Bulging or sinking in a roof is the direct result of 
too light brick laying or vice versa, and is only over- 
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come by an exact computation of the expansion which 
will occur. The best method of overcoming this, is by 
recording carefully the exact manner in which each roof 
is laid, and watching it throughout its life. If it is found 
to bulge too much, the record of building is examined and 
on the next, expansion strips of a slightly greater thick- 
ness are used. 

In shops where steam is available, a coil may be laid 
under the roof form, and free coursing of steam always 
allowed. This tends to dry the brick slowly, and always 
keeps the brick warm. The result of this is found in 
a great increase in the number of heats possible. Most 
roofs on the first few heats spall badly and often two 
or three inches of effective refractory is lost in this man- 
ner. This is the direct result of moisture under the in- 
fluence of a too rapid heating. However, with a per- 
fectly dry roof a rapid heating up will not affect it in 
the least. The cost of the steam is negligible when com- 
pared to the saving in roof refractories, time lost for 
repairs, and unnecessary labor. 

Dry With Wood Fire 

If it is impossible to obtain steam for drying, an ex- 
cellent method is to block up the roof on bricks several 
hours before it is to be placed in operation and build a 
wood fire under it. This fire is started slowly, only 
enough wood being used to give a series of feeble flames. 
After the roof becomes blood warm these fires can be 
gradually increased until the brick are red hot on the 
under surface. The roof is kept at this temperature un- 
til ready to place on the furnace when it is quickly lifted 
and set. By this time all of the residual moisture has been 
removed and when the arc is thrown on, the roof grad- 
ually expands without spalling. 

Making the Bottom 

The roof being ready and the walls laid, the next step 
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preliminary to making steel is building the hearth or as 
it is commonly known bottom making. There are three 
ways of performing this operation as follows : 

1 — To ram in the complete hearth at one operation 
and bake until set. 

2 — To ram in a layer at a time, bake, ram in, etc., 
until the desired contour is obtained. 

3 — Set electrodes in the hearth and gradually sinter 
in the refractory until the bottom is of the desired shape. 

While ramming the entire bottom is quick and easy 
on the operator, it is unsatisfactory in that it becomes an 
impossibility thoroughly to sinter through the entire 
hearth depth at one such operation. Assuming magnesite 
is to be used for the hearth, it is laid out in piles of about 
one sack each, probably 200 pounds. If desired, a small 
amount of binder such as open hearth slag may be mixed 
and used. On the lower courses this slag may be used 
about one to six, gradually tapering down to about one 
‘ to 12 for the upper section where the steel will lay. Care 
must be exercised in the selection of this slag to obtain 
a low phosphorus content or one of the main basic fea- 
tures will be destroyed and the steel will pick up this 
troublesome element from the bottom. If basic, open- 
hearth slag is used it must be low in phosphorus, which is 
rather unusual, so it is better to use slag either from the 
acid electric or the acid open hearth. This slag has a 
much lower melting point than magnesite and will melt 
and flow around the grains of the latter forming a true 
bond during the setting. If too much is used, the hearth’s 
resistance to high temperatures will be weakened ; if 
too little, there will be insufficient bond for the magnesite. 

In addition to this sotne sort of a bonding material 
must be used to hold the refractory together while being 
rammed into place. There are many different classes of 
material used for this purpose such as tar, pitch, glutrin, 
sodium silicate, etc., most of them tending to burn out 
during the sintering operation. 
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As tar is the most common its use may be as- 
sumed. Some sort of a pot must be made to melt the tar, 
a good grade of roofing tar being acceptable. As soon as 
melted, a heavy coat should be brushed over the bottom 
brick, and the first magnesite mixture quickly started. 
The tar should be mixed with the refractory in sufficient 
quantity to enable it to be rammed tight. Great speed 
is essential that each layer may become part of the pre- 
vious one without the tar setting. Air rammers are used 
and this procedure is continued until the hearth is of the 
final shape. Molten tar is brushed along the side walls 
where the hearth impinges, further to bind the bottom 
to the sides. As this tar will burn out on heating, the 
hearth made in this manner must be made thicker than 
desired so that after this contraction it may be of the 
proper depth. 

As soon as the desired contour is obtained, the hearth 
should be shaped along the walls and built up as high as 
possible on the sides. When this is done the furnace 
should be well cleaned and the roof set. On the tops of 
the wall brick, place a ring of thick mud containing a 
high proportion of silica sand so that when the roof is 
set this will squeeze out and make a perfect fit. 

Burning4n the Bottom 

A small wood fire is started in the furnace and al- 
lowed to burn slowly for several hours until the wall and 
roof brick become warm when it is increased gradually 
and kept going until the heat can be felt through on the 
bottom of the furnace shell. Coke then may be thrown 
in until the hearth is covered to a depth of about 5 or 6 
inches. As soon as this is red, the electrodes may be 
lowered and the arc started. The pqwer is placed on the 
lowest possible point and is brought gradually to the point 
where the roof and walls are glistening, but not running. 
The hearth then is held under this temperature for from 
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12 to 24 hours depending on the size of furnace and thick- 
ness of hearth. A 3-ton furnace with a hearth of from 6 
to 8 inches in thickness will take almost 12 hours. A 
sharp pointed bar is inserted into the furnace at stated 
intervals and shoved into the hearth. This shows the 
progress of sintering, and as soon as the test shows fin- 
ished, the current is thrown off, the furnace cleaned, and 
all is ready for the first heat of steel. 

While a hearth made in this manner often proves 
satisfactory, it is certain that it is not high class work- 
manship. The point of greatest burning will be directly 
in the center under the arcs, and gradually will taper off 
to the side walls where the burning in the dead corners 
will be insignificant. Consequently, there will be a time 
when a bad hole will develop and the metal will force its 
way under this half burned mass with the result either 
that the entire hearth will come up, or the bottom will 
start to loosen and large chunks will tear free. The author 
has seen entire hearths come up and ftoat on top of the 
metal requiring strenuous effort to save the furnace with- 
out allowing the metal to skull. A bottom set in the man- 
ner mentioned in a basic furnace is too risky and should 
not be allowed unless it is intended for a test to last for 
only a few weeks while basic operations can be tried out. 

Second Method 

Ramming bottom in layers is slower than direct ram- 
ming, but gives better workmanship, and is not so likely 
to cause the trouble often encountered on the straight 
rammed hearth. 

The procedure is similar to the foregoing in that the 
same general ideas are followed regarding bonding ma- 
terial, etc. For the first layer, the bricks are painted with 
tar, and the mixture rammed in about II/2 to 2 inches 
thick. The furnace is heated and coke added when the 
arc is struck and baking proceeds until this layer is com- 
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pletely fused. The current is shut off, the furnace cleaned, 
allowed to cool down, and another layer rammed into place. 
As the layers approach the finished shape the percentage 
of slag to magnesite is lowered and each layer has a 
longer period of sintering. 

This method allows an inspection of each layer as 
it is placed, and insures a freedom of unburned spots. 
The main objection is the length of time necessary to 
complete the work, together with the fact that the bond 



Fiff. 8 — Buildinu: Up the Dead Corneis Preparatory to Burninf? 
in by Layers 

between layers is none too secure. Trouble often is en- 
countered from this as the metal may work down to this 
Joint and result in forcing up an entire layer of the fur- 
nace hearth. 

Third Method 

Gradually sintering in the refractory is the only en- 
tirely satisfactory method of making a hearth for the 
basic furnace, and while it is more costly and is a hot, 
and hard job, the energy and expense will be more than 
repaid by the absence of trouble when steel is produced. 
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By this method, a hearth is obtained which consists of one 
monolithic mass, truly burned, and capable of standing 
the temperatures of extremely high heats with no danger 
of coming up. To burn in a good hearth properly re- 
quiries considerable skill and experience, and as this fea- 
ture of furnace work is so important, considerable am- 
plification on this subject will not be amiss. 

If the bottom has been built flat, the first step will be 
to ram in sufficient magnesite and tar mixture to build up 



Fig. 9 — Electrode Setup for Sintering in the Bottom 


the dead corner as is shown in Fig. 8. This tends to give 
a slight start when burning is commenced, and aids in 
beginning the curved shape. If the hearth has been 
shaped of magnesite brick there will be no necessity of 
this and the electrode setup may be placed. 

Electrode Setup 

This electrode setup is intended as a neutral connec- 
tion upon which the arc will be struck, and as it must stay 
in place until the hearth is finished the greatest care must 
be exercised to insure sufficient strength to outlast the 
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entire burning operation. The electrodes comprising this 
connection must be placed high enough up from the bot- 
tom brick to allow whatever depth of hearth is desired 
which will usually be from 5 to 8 inches. They will be 
set on magnesite brick as shown in Fig. 9, with the top 
brick slightly chipped so that there will be no danger 
of the round electrode tending to roll off. Around these 
brick enough magnesite mixed with sodium silicate is 
rammed so that there will be no danger whatsoever of the 
brick spalling away and allowing the setup to drop. The 
lengths of electrode will be such that about 8 or 9 inches 



ABC 
Fig. 10 A — Star Setup for Electrodes Used in Burning in the Bottom 
B — Electrode Setup for Larger Furnace 
C — Electrodes Placed in this Manner Are Strong 

is allowed on the ends from where the arc will strike so 
that no trouble will be encountred with burning away 
during the operation. 

The shape of such setups will depend upon the po- 
sition of the furnace doors, and will be such that the 
greatest possible area of furnace bottom may be reached 
from the doors. Fig. 10 shows a star setup which is 
commonly used on the smaller size furnaces. The elec- 
trodes are chipped carefully so that a good fit is obtained 
at the joint, and a plug set as shown farther to strengthen 
this connection. The plug may be set either on the top or 
bottom, but must be so fitted that when the setup is 
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finished it is extremely rigid, and does not move on shak- 
ing. The joint of the electrodes then is plastered care- 
fully with carbon paste or electrode compound and allowed 
to set. This arrangement is suitable for furnaces up to 
3 tons in size as it can be made easily, and of sufficient 
strength to withstand considerable abuse. 

For larger furnaces where the electrode span is 
greater a more suitable arrangement is shown in B and 
C, Fig. 10. Both of these are strong, and do not require 
so much chipping, which is difficult on electrodes over 10 
inches in diameter. The fittings of these electrodes may 
be done by an air gun and chisel which is an excellent 
method of obtaining a quick and tight fit. Carbon elec- 
trodes are much to be preferred over graphite for this 
setup due to their greater strength. 

This neutral connection being placed, the next op- 
eration is the drying out of the furnace. If gas is avail- 
able, it is preferred. A pipe may be inserted from each 
side of the furnace and a light flame used for the first 2 
or 3 hours. By this time the roof will be warm to the 
hand, and steam will be issuing from the furnace vent 
holes. The flame may be raised gradually until the in- 
terior brickwork is at a dull red heat. Tf there is no gas, 
an oil torch may be used, or some arrangement which will 
not give too sharp a flame. Wood or coke may be used 

as a last resource, but are objectionable in that the fur- 

nace must be allowed to cool sufficiently for a man to get 
inside and clean out the ashes and unburned residue. 

When the interior brick work is at a dull red, it is 
safe to assume that most of the moisture has been evap- 
orated. This preliminary heating should not be forced, 
but should take from 8 to 12 hours, always remember- 
ing the old adage, “it is better to be safe than sorry.” 

Start the Arc 

The electrodes now may be low^ered and the arc 

started. Current should be at the lowest figure which 
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will hold the arc steady. After several hours, the power 
gradually may be increased until the greater part of the 
refractory expansion has been taken up and the brick 
are at a red heat. As soon as the roof and walls begin 
to glisten it is probably time to begin making the hearth. 

A small amount of sample mixture containing about 
one of finely ground slag to five or six of grain magnesite 
is made up and a small pile placed on each door sill. 
After about 15 minutes this may be examined and if thor- 
oughly sintered, the furnace is hot enough to start opera- 
tions. A few shovels of slag are dusted over the bottom 
brick, and melted sufficiently to allow the molten mass to 
run into any open cracks. This also makes the bond be- 
tween the magnesite and the brick. As soon as this 
molten condition is obtained the first magnesite mixture 
is thrown in with shovels, being distributed carefully over 
the entire hearth to a depth of not over 1/2 inch. 

Small samples may be taken intermittently by a 
special tool made for this purpose. This tool is shovel 
shaped of a size about inches long, 2 inches wide, and 
' 2 inch thick, with a sharpened end, and a handle at least 
10 feet long. The method of taking such a test is to 
poke this chisel point into the bottom mass and withdraw 
a small (juantity from several different parts of the fur- 
nace. These tests should all show a perfect sintered con- 
dition l)efore the next addition. 

Rcgidntwg the Sinleriyig 

If any portion of the hearth seems to be running 
badly, it means that the proportion of slag is too high, and 
it should immediately be touched up with a small amount 
of pure magnesite until the proper sintered appearance is 
obtained. If any part refuses to sinter it must be lightly 
touched up with a small amount of the slag. As soon as 
one layer is finished, it is time to add the next, and this 
is continued until the hearth is nearly finished. This is 
the most critical time in hearth building. The bottom is 
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assuming a finished appearance, and the men are becom- 
ing tired out. The tendency at this point is to try to 
rush operations and carelessness must be avoided or 
trouble will be the result when steel is being made. 

When the center of the hearth has attained the de- 
sired depth, the side walls gradually may be built to 
shape. A spoon is used so that the refractory may be 
placed exactly where desired without any chance of drop- 
pings further raising the bottom. Often it is helpful to 
wet this mixture slightly which aids in holding it in 
place along the sides. As soon as the hearth is completed 
it is given a light dusting of slag and heating continued 
until this has melted thoroughly and run into any small 
fissures or openings, when the current may be shut off 
and the hearth is completed. 

The electrodes are (|uickly knocked out of place and 
pulled from the furnace, and any spots under them care- 
fully filled with magnesite, well rabbled into place. If 
the hearth has been well made, it should ring when a bar 
is thrust against it, and should be as hard as a wall of 
concrete. The greatest of care must l/e exercised during 
this burning, to avoid any undue overheating, tending to 
make either the roof or walls run, as this silicate running 
on to the hearth will prove a point of weakness. 

Care Must Be Ejcercised 

One of the greatest sources of trouble in burning in a 
hearth is caused by a tendency to hurry. The result is 
that there will be points at different places in the hearth 
where the material has been only partly burned. The 
next layer probably will sinter well over this and will 
form a shelled spot, which to observation will look satis- 
factory, but upon any slight hole forming will result in 
an undermining often with disastrous results. 

To make sure that there is no possibility of such an 
occurrence it is well to take frequent tests with the spoon 
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from various points in the hearth, and not to proceed with 
further building until sure that each layer is perfectly 
sintered. 

Great diversity of opinion exists regarding the time 
necessary to set a hearth, and whether it is preferable 
to finish the job in one operation. The author has used 
over 25 hours on a 6-ton furnace, and later on the same 
equipment placed a hearth in 11 hours. Both hearths ran 
indefinitely, the first being removed to try acid operation 



Fjj;’ ]1 — Famished Sbapo of Health Made ))V lUii'niiijr iii a Stepped 
Brick Bottom 

after running ovei- 2000 hi*ats. The second was placed in 
operation in 1921 and is still in good condition, in a 
shop operating G heats per day. The variation in time 
was due to ditfei’ence in experieiRe of Indjiers, slightly 
changed power conditions, diflercmt magnesite, and such 
causes. Making a heai’th is similar to making a heat ot' 
steel, in that the gi-eater the care the lietter the product. 

The jiractice of finishing the hearth in one oiieration, 
is preferred and a gi’(‘at saving in time and povver is af- 
fected liy siicli practice, due to the fact that there is no 
cooling down of the* fui-nace over night. Fuidhei’ a heai’th 
made in one operation is better tiuin one allowed to cool 
over night for the reason that there js no possiliility of a 
seam occurring between layers. Many successful opera- 
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tors allow their furnace to remain shut down over night, 
and they have had good success in hearth building. 

Fig. 11 shows the appearance of the finished hearth 
made by burning on a stepped brick bottom. 

The First Heat 

Often after burning in a bottom it is customary to 
make the first melt a loash heat, little care being used to 
make any particular quality of metal, the main idea being 
to assist in setting the bottom, and to remove any loose 
material. Often, the bottom electrode setup becomes 
frozen in and it is impossible to remove it without this 
wash heat. 

Under oj’dinary circumstances it is not necessary to 
make such a heat, but the furnace may be operated di- 
rectly on steel for whatever purpose desired. If there is 
no particular hurry to make finished material, it is ex- 
cellent practice to set the bottom by such a heat as is 
mentioned. The best possible type of a melt for such 
purpose is one of synthetic iron. Any grade of steel scrap 
is thrown in the furnace with sufficient carbon to raise 
this element up to about 3 per cent. After melting, 
a heavy lime slag is made up, which is splashed as high 
up on the walls as is possible. Such a heat closes any 
small cavities in the hearth, aids in bringing up the side 
walls, and thoroughly removes any foreign matter from 
the furnace. The iron produced if poured into small size 
])igs is later used for recarbonizing. 

While on the subject of basic bottom making, it might 
be well to mention certain machines built to throw patch- 
ing material automatically into the furnace. Such equip- 
ment does not find wide luse in small installations such as 
are found in casting sho])S, but is important in the larger 
installations. A smaller counterpart of the standard ma- 
chine may be made and gives excellent service in patching 
the side walls, especially around the roof ring. 
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Using a Cement Gun 

One type of machine is the standard cement gun 
which has found wide use for placing cement into position. 
This comes in different sizes, the smallest being handy 
for electric furnace use. Another type of machine is in- 
tended for open hearth use where large quantities of 
patching material are used at one time. The principle 
of these machines is a stream of air being forced through 
a hose, the suction produced carrying the patching ma- 
terial with it Naturally all that is needed is to point 
the nozzle at the desired point, turn on the motor, and as 
long as the tank remains full of refractory the machine 
will place it. 

Spouts and Door Linings 

Due to charging and pouring operations, the wear 
around the doors is severe and some method must be de- 
vised to keep these important points in condition. The 
pouring spout, and around the jambs is made of mag- 
nesite, but unlike the hearth proper, is never under suf- 
ficient heat properly to sinter this refractory in place. 
These places must be kept up by ramming refractory mix- 
tures into place, and due to the lack of cohesiveness of 
magnesite a natural binder must be used. The best the 
writer knows for such a purpose is sodium silicate. 

After pouring, any slag or small metal skulls are re- 
moved from the spout with a sharp pointed bar, and a 
mixture of magnesite and sodium silicate rammed into 
place. This mixture is made of such a consistency as to 
be just moist to the touch, and after air setting for about 
an hour, makes a hard and durable refractory. The same 
mixture may l)e used around the door jambs with excel- 
lent success 

Of late years extensive experiments have been con- 
ducted with refractories which will stand better the 
rough usage of the basic furnace than the ordinary 
magnesite and silica brick The main objection to silica 



62 


Refining Metals Electrically 


brick above the slag line is its short life. With the basic 
slags used, a heavy lime vapor always is present in the fur- 
nace which at the high temperatures attained rapidly at- 
tacks the acid silica brick, especially at the points opposite 
each arc. Here the arc often is deflected against the wall 
causing the brick to assume a pasty condition. Now when 
the heavy lime slag is splashed upon this acid mass, rapid 
disintegration follows, the result being a wall so cut in at 
these points tliat a relining, with its loss of time and ton- 



Fig. 12 — Silica Brick Used in Basic Operation is Attacked by 
Lime Vapors at the Slag Line 

nago, is mandatory. Such a condition is shown in Fig. 12. 

This fault being common to all silica bi-ick used in 
lining basic furnaces, many methods have been advocated 
to eliminate tliis objectionable feature. One of these is 
to use magnesite brick for the entii’e wall. Naturally this 
overcomes atiy slagging tendency, but again brings an- 
other objectionable feature, that of s])alling. Magnesite 
brick lacks sti-englli under changing tempei'ature and this 
is evidenced by hta\y spalling and flaking of the brick 
surface. Under standard conditions of operation this is 
so severe that tlie extra life obtained ov(‘r sdica brick is 
not siillicient to make up for the increased cosl. 

Such materials as mica schist, special alumina bricks, 
and refractories containing zirconium have been advocated 
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as a cure for these troubles, but none have been thorough- 
ly satisfactory. Carborundum brick have proved satis- 
factory, as have brick made of the same quality of mag- 
nesite as goes into the standard product, but surrounded* 
by a thin sheet metal case. When placed in the furnace 
this metal melts on the outer few inches and binds the wall 
together in one compact mass. The steel shell further 
prevents spalling or flaking by acting as a support to the 
magnesite itself. The added cost of these brick will be 



13' Biick for Basic Linmfrs Occasionally Fail in This Form 
hcavinf; Short Bcnjrth Near the Slag Line 

more than made up by inci’eased life of walls and avoid- 
ance of shutdowns. When a wall laid with these brick does 
fail, it has the appearance of that shown in Fig. 13. 
When the furnace is relined these short pieces of brick 
from the top of the wall may be used to patch lower down 
with the elimination of any waste. 

Carborundum made into brick form lately has found 
wide use for certain purposes, but due to its high cost gen- 
erally is not used for entire walls. This compound is nega- 
tive to a basic slag, but is corroded and dissolved by hot 
metal. Therefore, it must be used in the furnace where it 
is removed from any splashes of metal, and for such uses 
where its cost may be reconciled. It has found a steady 
increase for such purposes as a small patch directly be- 
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hind each electrode where the arc strikes, being placed just 
high enough to be out of the reach of any metallic splashes, 
for arches, and for the skew back ring of the roof. 

Carborundum brick have been used in many instances 
for entire roofs, but due to their ability to conduct current 
it has been necessary also to use some non-conducting 
brick which give way first and destroy part of the effi- 
ciency of the carborundum. 

Appendix tables, 1, 2 and give the logs on burn- 
ing in bottoms on basic furnaces. 



V 

LINING THE ACID FURNACE 

B uilding an acid-lined furnace involves procedure 
similar to that followed for basic units. The lower 
courses will be of lire brick, set in the same manner, 
and the side walls consist of silica brick alone. The same 
features of allowinj? for expansion, etc., ai'e followed, and 
the two methods of either stepping up the hearth brick, 
or laying flat will be optional. This point is not of such 
great importance as in basic operation, but depends en- 
tirely upon what method will be pursued in setting the 
hearth. If the hearth is to be rammed and baked, there 
is no necessity of stepping oft* the brick; if the hearth is 
to be burned, stepping the brick will give similar econ- 
omies to those encountered on the basic hearth. 

The deciding point in brick laying therefore, will fol- 
low the choice of bottom making. Acid refractories have 
a much lower melting point than magnesite, and may be 
bonded with excellent acid cements. Consequently, the 
necessity of actually burning in bit by bit is not essential 
to a good heailh, although it is common practice among 
a large number of furnace men. The rammed hearth is 
just as good and is much more economical, besides being 
an easier job, and one in which a better shaped hearth 
may be attained. 

Th(' Si titered Hearth 

Assuming that this method is to be followed, the 
brick are offset as described under basic practice. The 
furnace is dried out, and the electrodes set up on the bot- 
tom brick in any manner desired. The depth of hearth 
desired will determine to what height they are elevated 
by silica brick. The current is turned on until the fur- 
nace is sufficiently hot to sinter in 'the refractory, when 
building commences. Any good grade of silica sand is 
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satisfactory, finely ground fire clay being used as a binder 
similarly to open hearth slag with magnesite. The gen- 
eral mixture used approximates 12 to 15 parts of sand 
to one of clay, but this requires constant adjustment for 
the proper degree of sintering. 

Care must be exercised to prevent the furnace from 
becoming too hot or the furnace brick will run badly and 
contaminate the hearth with burned silicate which has 
poor refractory . qualities. 

The Raynmed Hem'th 

Ramming an acid bottom is rapidly assuming favor 
over the old burning process. This, in all probability, has 
been due to the labor entailed being so much easier, the 
burning of a bottom being truly a heart breaking opera- 
tion. Too, ramming is so much cheaper and quicker. The 
real point is of course the service obtainable under opera- 
tion conditions, and it must be admitted that the rammed 
hearth for acid steel is giving just as good results as 
one burned in. 

In the preparation of such a hearth, there is no ne- 
cessity of stepping up the brick, and consequently the 
bottom brick are laid flat. The usual procedure of lay- 
ing two courses of clay brick against the shell, followed 
by two of silica is customary. In laying these silica brick, 
allowance must be made for expansion or future heating 
will bulge the hearth. As soon as the furnace has been 
completely bricked, the hearth is given a coating of some 
binder to cement the bottom of the hearth to the bottom 
brick. 

There are many satisfactory cements or mixtures for 
this purpose. Glutrin, sodium silicate, and a number of 
specially prepared high temperature resisting cements 
all have acceptable properties, that of air hardening and 
setting with a perfect bond. All have good refractory 
characteristics, and may be used with success. About 
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three or four hundred pounds of sand (see Table XII) 
is mixed to a moist consistency with one of these binders. 
A patch along one side of the hearth then is smeared with 
the cement and while still moist, the sand is shoveled 
in and rammed well. This is continued until the entire 
hearth is so covered. As the hearth rises up on the 
walls they also are painted to insure the sand holding 
firmly to the brick. 

The sand mixture thus is raised gradually until a 
hearth of the desired depth and shape is formed. Air 
rammers are used and it must be remembered that the 
hearth cannot be rammed too hard. The entire hearth 
should be as hard as a brick before the next layer is added, 

Table XII 

Bottom Band Anal\sis 


Locality 

Silica 

P(‘rcentage 

Oxides 

Lime 

Alabama . 

87.80 

4.00 

4.00 

Illinois 

. 05.00 

1.18 

2.08 

New Voi'k 

07.78 

1.72 

.61 

( 'alifornia 

. 80.00 

12.15 

2.05 

California 

. 86.20 

8.57 

1.40 

Chicago . 

. 88.80 

5.67 

.99 

New Or lea 11 '' 

04.20 

4.20 

1.00 

Colorado 

8.2.20 

12 40 

3.25 


and it certainly pays to devote plenty of time to this im- 
IH)rtant operation. Should it be necessai-y for any reason 
to stop, allowing a layer to air set, the entire surface must 
be painted with cement before another layer is put in. 

While the sand may be mixed ))y hand using shovels, 
it is much prefera})le to use a sand mixer or muller if 
this is available. This not only is (juicker and easier, but 
gives a better mix to the material. After the hearth is 
raninu'd, tlie fui-nace .should be tilted in each direction, 
and the mixture rammed up as high along the back and 
froni wall as possilde. When ])urne(l into place this fur- 
nishes a wonderful aid not only in keeping the furnace 
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free of hanging scrap, but gives a much prolonged life to 
the side wall refractories. 

The Conducting Hearth 

Al. Bryant, Pittsburgh, agrees with the author that 
burned-in bottoms are the better, but in the conducting 
hearth type furnace this is not possible because the bot- 
tom must be laid so as to be a good electrical conductor. 
He states that this is accomplished by mixing steel slugs 
or punchings thoroughly with the batches before ram- 
ming them in. No bricks are set on the bottom plate, 
but the entire depth of bottom is rammed. It all depends 
how much one can spend on the bottom whether pure mag- 
nesite or the mixture of magnesite and a dolomite prod- 
uct is employed. The latter may be run to a high percent- 
age if a cheaper bottom is desired, but straight magnesite 
gives the best results. Copper is a good conductor, while 
graphite is not quite so good. Then follow amorphus car- 
bon, and steel punchings used to carry the current. The 
conductivity gradually diminishes from the copper plate 
to the hearth proper. The reduced conductance gives rise 
to greater resistance to the passage of current and the 
current is dissipated in heat which adds itself to the bot- 
tom of the charge. The bottom also is a fairly good con- 
ductor so that a contact is made between the third phase 
hooked on the bottom at the copper plate and the other 
two phases hooked to the two electrodes. If a bottom of 
this nature were burned in, all the steel in the bottom 
mixture would melt and run to the lowest point, the center. 
There would be increased conductance at the center and 
increased resistance at the other points of the bottom so 
that all the current would pinch at the center and over- 
heat that point. Were a bottom laid thus heating would 
be irregular. 

According to Mr. Bryant the batches for ramming 
must be heated separately before mixing. The magnesite 
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and dolomite product are preheated on a steel plate under 
which is a wood fire and the steel and basic slag are added 
and stirred in. The dry batch should be heated so that 
one cannot place the palm of his hand on the batch for 
more than the fraction of a second. The pitch is heated 
in a tar boiler and poured onto the dry batch and mixed 
thoroughly until the batch shows a little moistness from 
it. Batches must be made small, about 10 shovels full at 
a time and ramming must be done immediately while the 
batch is still hot. This is best done with air rammers. 
It takes some practice to tell whether the batch has the 
right amount of pitch. Tf it is too wet it will not ram and 
if it is too dry it will not ram and if it is too cold it will 
not ram. 

Drging the Hearth 

The hearth being rammed to shaf)e in the manner de- 
scribed in the previous chapter, and the walls banked, the 
roof is set and the furnace is ready for drying. As there 
is no objection, under this method of bottom making, to 
contaminating the hearth, wood may be used for this dry- 
ing operation. Wood is recommended as the greatest part 
of the heat obtained from a bed of hot coals will be 
thrown where most wanted, directly into the rammed 
sand. A small fire is started directly in the center of the 
hearth, and kept going until gradually a fair bed of coals 
is obtained. This generally takes or 4 hours, when the 
roof and side walls will be thoroughly dried. The fire 
now may be increased rapidly until a bed of coals 6 or 8 
inches thick is obtained, distributed evenly over the 
hearth, and up along the banks as high as possible. 

This bed of fire is maintained until the bottom shell of 
the furnace begins to feel hot to the hand. On a 3-ton 
furnac(‘ this will take generally 10 to 12 hours, assuming 
that the depth of hearth is about 15 inches. Coke, in 
lum.ps about the size of your fist, then is shoveled in, be- 
ing mixed with more wood. This procedure is followed 
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until a bed of red hot coke not less than .4 inches thick is 
obtained. By this time the furnace shell will be so hot 
around the sides and underneath that it is almost impos- 
sible to hold the hand against the steel plate. This means 
that absolutely all moisture has been dissipated, and it is 
safe to proceed with the actual baking. 

As silica is readily reduced by coke at high tempera- 
tures, the heating must be kept below the point of re- 
duction or the result will be a hearth containing spots of 
partially reduced sand which will melt out rapidly under 
the influence of steel, and absolutely ruin the hearth, or 
at the least form badly pitted spots. All that is necessary 
is to keep this bed of coke at a good white heat. If there 
is any tendency to overheat, the current may be shut off 
and the furnace allowed to soak. Watch the edge of the 
jamb bricks and at the first sign of glistening, turn off 
the power until the brick cease shining. 

Ordinarily when the power is first turned on it is 
held for about two hours, or until Ihe bed of coke is daz- 
zling white. The procedure then will become intermittent, 
shutting down for about 15 minufes, then under power 
for about the same time. This period of heating will take 
from 6 to 8 hours, when the hearth will be baked suffi- 
ciently to be ready for steel. In Appendix Tables 4, 5, 
6 and 7 are logs of burning in acid bottoms. 

The First Heat 

The power then is turned off and the coke and ashes 
raked out ])y tilting the furnace and using rabl)le bars. If 
possible a heal should be made immediately that the 
hearth may be linally set }»efore cooling down. The first 
heat should carry a large .volume of slag which should ])e 
splash(*d heavily on the walls to tend to bind in the 
rammed banks. 

The spouts and portions of the ualls and bottom 
around the doors under acid practice ai'e rei)aii‘ed in a 



Lining the Acid Furnace 


71 


manner similar to that described under basic practice, 
with the exception that sand is used instead of magnesite. 
The sand is made into a heavy mud and plastered to shape 
with a trowel. Any good binder is satisfactory for this 
purpose sodium silicate being preferable due to its cheap- 
ness, and ability to set in a few minutes. Ordinarily, the 
spout will have to be cleaned out every few heats, as slag 
gradually builds it up to a point where the metal will not 
drain completely. It may be placed in shape and dried 
out for half an hour with a light wood lire when it is 
again ready for steel. 

In acid furnaces rammed linings are used to some 
extent, especially in furnaces up to 2 tons in size. The 
exponents of this practice claim cheapness, and ability to 
patch quickly as the main assets. The writer has tried 
this method several times, using different patented ce- 
ments, the tost being made to prove the manufacturers 
claims. While the rammed lining is satisfactory, it is 
not cheaper than one of brick. It will not give the same 
length of service. It takes longer to lay, and must be 
more thoroughly dried out than a lining of silica brick 
before going under the arc. Further, it is more likely to 
crack and shell badly, often failing when least expected. 

It is advisable, when shipments of brick are delayed 
or where the operations are so intermittent that it is too 
costly to keep a stock of brick shapes on hand to resort 
to a rammed lining. For furnaces under 1 ton in size, 
where operations are continuous or nearly so, a rammed 
lining will give excellent service for the reason that it 
becomes coated with slag and is never allowed to cool 
down enough to crack or spall off when reheated. 

The method of building a side wall is similar to 
making the hearth. A wooden form is constructed, 
usually in sections, of the proper shape and size to give 
the thickness of wall desired. This is placed in the 
furnace and the refractory material rammed between this 
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form and the furnace shell. The mixture is made exactly 
like that used for the bottom, and is well rammed into 
place, a little at a time. The same precautions must be 
observed here as for the hearth, that certain binders will 
work only under steady operations, while others are 
satisfactory under varying practice. 

After the entire wall has been built to shape, it is 
allowed to air set for several hours, when the form is 
removed and the furnace thoroughly dried out. Tn some 



Fig. 14 — Deep Bowl Type Hearth is Conducive to Rapid Melting 

cases a rough form is constructed which is allowed to 
remain in place, being burned out when the furnace is 
undergoing its drying operations. 

A rammed wall may be strengthened by inserting 
gaggers and ramming around them, but this must he 
watched carefully or the metal, due to its greater expan- 
sion will cause the refractory to crack. 

Hearth Shapes Important 

Having noticed at various times that differences in 
speed and economy of' operations were obtained with 
hearths of different shapes, a series of experiments were 
conducted to determine, if possible, exactly the results 
occurring from such differing conditions. Experiments 
on basic practice were made on a standard 6-ton Heroult 
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furniice, operating over a 24-hour period, and engaged in 
the manufacture of steel for castings, forging and rolling 
ingots. 

The hearth as first put in was of the shape shown in 
Fig. 14 being 8 inches thick in the center, the walls being 
run up as high as possible. After carefully following 
results on this hearth we allowed the bottom to build 
up, by charging lime on the hearth, to the shape as 
shown in Fig. 15, with a depth of 12 inches in the center. 



Fig. If) — (’enter Depression Built Up to Give Flat Type Hearth 

the contour lieing rather shallow and flat. When the 
figures from this were sufficient to prove the results, 
we cut the hearth down to the shape shown in Fig. 16, 
by the judicious use of finely ground fluor spar. During 
the entire examination conditions of operation such as 
size of charge, character of .scrap used, class of metal 
made, temperatures of pouring, etc., were kept as alike 
as possible. 

The type of bottom illustrated in Fig. 14, held a 
charge of fi’om GVj to 7 tons without banking up the 
doors. Of all the shapes it melted down the most rapidly, 
probably due to the fact that the charge is more or less 
centered under the arcs, the walls being steep enough 
to allow for the automatic centering of the scrap as it 
melts down and falls into the bath. 
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It took this hearth longer to heat to the depth of 
metal under the arcs. For the same reason, refining 
was not as good as the type shown in Fig. 16, the 
effective slag area not being as large. 

Trouble was experienced with the arcs cutting the 
banks opposite each electrode, due to the nearness of 
the wall to the point of the arc. The increased depth 
of this hearth required a greater length of electrode 
between the roof ami the bath during melting down. 



Fiji' 1G Typo of Iloajth Diflicult to Maintain But Ellioiont 

For this reason, the holdei’s must be fastened higher up 
on the electrode, which resulted in a greater surface 
exposed to the heat, and during refining, the air, which 
i-aised the electrode consumption. 

The shallow hearth shown in Fig. 15 would hold 
only from SF, to 6 tons of metal per charge, and proved 
of no value at all in view of the figures from the other 
two shapes. It took gi*eater power, more time per ton, 
more electrode consumption in proportion, to turn out 
these smaller heats than it did with the larger tonnages 
on the other bottom. 

The bottom of the type shown in Fig. 16 proved 
to be the best shape for the existing conditions, the only 
difficulty being to keep it to shape, the tendency being 
to build u]) to the shallow hearth. This was overcome 
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by sand and fluor spar and finally it was found possible 
to hold its shape more easily. While this type bottom 
did not melt as fast as the one first noted, the time per 
ton was less, due to a shorter time of refining and super- 
heating. No trouble was experienced with the side 
walls, and refining, due to the large slag area, was possible 
without extra trouble, down to as low as 0.005 per cent 
sulphur. 

With the hearth of the type shown in Fig. 16, it 
was found possible to melt and pour 8 tons of metal, 
in the same time as would take for 6.5 tons of that 
illustrated in Fig. 14, or 5.5 tons in the one like Fig. 15. 
On this bottom many 8-ton heats for steel castings were 
made, using the two slag process, in as short a time as 
hours 5 minutes from the time current was on until 
])ouring. 

Plxperiments similar to the foregoing were conducted 
for a furnace opei’ating on the acid hearth, the equip- 
ment used being a standard ti-ton ’Lectromelt. This fur- 
nace is built to use an exceptionally thick hearth, the 
normal depth of refractory being about 18 inches for 
a rated charge. 

The hearth was first placed in operation with a 15- 
inch refractory thickness, being constructed to carry 5- 
ton heats. The shaiie was as shown in P^ig. 14, with the 
exception that th(‘ banks were built completely to the 
roof, giving a deep bowl effect. After several months’ 
operation, the hearth was allowed to build uj) aliout 
inches so that the doors had to be banked foi* oversize 
charges. This gave a flat hearth like that shown in Fig. 
15. Data collected and analyzed gave us the following: 

The time of melting, power, electrode consumption, 
etc., were similar on both hearths. 

Labor required to poke in scrap was less on No. 1, 
Fig. 14, the steep banks causing the scrap to fall in of its 
own initiative. 

Roofs did not give quite as long a life with hearth 
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No. 2, Fig. 15, due probably to the fact that the distance 
from bath to roof was less than on No. 1. 

Time of charging was greater on No. 2, Fig. 15. 

Refining and superheating was superior and quicker 
on No. 1 on account of a smaller area of bath exposed 
with its attendant greater radiation loss. This also 
required a smaller volume of slag to act as a heat con- 
serving blanket, giving a slight favor in power con- 
sumption. 

From these data, the fact was accepted that on acid 
operations a deep, bowd-shaped hearth is superior to the 
flat hearth. Later operation figures have proved this 
point, and in addition have shown a more favorable power 
consumption. Such a hearth is easy to keep in condition, 
and offers a minimum of trouble caused by electrodes 
digging or arcing against the walls. 

Thickness of the side walls is another feature of 
furnace detail upon which a considerable difference of 
opinion exists. A few years ago the author was in 
charge of a new shop where a 6-ton Iferoult furnace had 
been installed. In the first bricking up of the walls the 
standard of the U. S. Steel (k)rp., using 18-inch walls 
was followed. During the operation of the furnace, it 
was noted that the inside course of brick rapidly gave 
way opposite the arcs, allowing the upper tiers of brick 
to fall into the hearth. After this first 9 inches of brick 
was gone, the remainder gave an exceptionally good life. 

With this phenomena in mind, experiments wei’e 
made over an extensive period to determine what thick- 
ness of side wall was preferable under the operating 
conditions at this plant. .The first series of tests covered 
18-inch walls, the brick being laid in different ways. 

Tn the first test, })rick were laid absolutely dry, 
standard key silica brick being used, laid end to end. 
No particular expansion allowance was made, the brick 
being loosely laid in place. After the first two heats 
all expansion was taken up and the faces of the brick 
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had run together nicely binding the entire wall into one 
homogeneous mass. 

The inside arch course over one door dropped on 
the heat No. 31. On heat No. 42, the inner course behind 
the rear electrode was burned through and the brick above 
it fell into the furnace. On heat No. 4fi, the entire inner 
coui’se had failed, a great portion of the brick falling 
into the bath due to a loss of their foundation. Some 
of these brick were 4 to 5 inches thick. The remaining 
9 inches of brick ran foi- 86 additional heats, until a hot 
spot developed on one wall necessitating a shut down for 
repairs. The total number of heats from this lining 
was 132 or 858 tons of metal. 

On the second test, brick were laid in the same 
manner with the exception that the two courses were 
cemented together using a stiff mud made of fire clay 
and sodium silicate. The entire first course held in plac(‘ 
a little longer going in over a period from the 27 to 
51 heats. The arches held in places exti’emely well only 
dropping after the jambs had fallen. The total life of 
1h(‘ complete lining was 111) heats oi- 774 tons. 

On the third heat magnesite brick were used oppo- 
site each arc, a patch about 18 inches square being used. 
The inside course lasted for 68 heats, the first failure 
occurring at the arches and jambs due to liurning away. 
The magnesite held up well, but as the silica brick 
surrounding them burned away, they spalled enough to 
keep the wall even. The entire lining lasted for 182 
heats or 1183 tons. 

Carborundum brick were used opposite each arc for 
the inner course on the fourth test. These were laid 
on the magnesite brick and silica brick run from above 
them to the roof. When the inner 'course of silica brick 
had been completely eaten through, the magnesite under- 
neath had been about 50 per cent consumed, while th(‘ 
carborundum brick had eaten away approximately 1 
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inch. In this light the apparent ratio of the resistance 
of the three classes of brick would be carborundum, 1, 
magnesite, 5, and silica, 9. However, as soon as the 
magnesite course supporting the carborundum brick had 
failed, these brick were lost, due to falling in the bath 
and slagging away, and much of their value was need- 
lessly lost. The total life of this wall was 170 heats or 
1105 tons. 

The next series of tests covered walls 9 inches 
thick, using silica brick straight, silica brick with mag- 
nesite patch opposite the electrodes, carborundum patch, 
etc. Lifes varying from 75 to 125 were obtained from 
such walls, those using the carborundum patch giving 
the longest service. 

From our data we derived the fact that a 9-inch 
wall gave greatei* life than an 18-inch section, and that 
a small patch of highly refractory brick opposite th(‘ 
weakest ])oinl, ?. c., where the arc impigned on the refrac- 
tory, increased the length of life considerably. 

A similar series of experiments was conducted by 
another tirm covering a comparison bedween silica brick 
and a metal covered magnesite brick. It was found that 
the latter not only gave a much longer life, and proved 
cheap('r, but that the quality of the product was bettered 
by the elimination of silica combining with the basic- 
slags, and destroying their effectiveness. A stronger 
lime slag was obtained with its attendant better desul- 
phurizing equalities. 

On acid furjiaces, the thickness of side walls is not 
so important as the baiiks'are kept up and the life of the 
brick is great. Such walls require only a small amount 
of patching periodically, and usually only on the two or 
three upper courses under the roof ring. On acid lining, 
several inches of some high heat insulator between the 
bricks and the shell increases the life. Any increased 
burning of the face of the bricks, due to the higher tern- 
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peratures and decrease of radiation easily may be over- 
come by throwing the patching material up against the 
walls. Such heat insulators as asbestos, diatomaceous 
earth, and several patent compounds prove to be thorough- 
ly satisfactory for this purpose. 

Care of Electrodes 

In electric furnace work, the consumption and cost of 
electrodes is an important item. Whether carbon or gra- 
phite is used, an attempt should be made to obtain as near 
100 j)e]’ cent service from each pound as is possible. The 
gi-eatest loss in the effective consumption of electrodes is 
caused by undue oxidation, which is especially troublesome 
in shops making intermittent heats. After the last heat 
of the day has been poured, the electrodes are in a highly 
heated condition for a length of approximately 4 feet. 
This red hot carbon, when exposed to the air over night, 
is heavily oxidized, a large ash > 2 mch thick often scal- 
ing off next day. This loss is extremely hard to prevent, 
but certain steps may be made to lessen its effect. 

When the furnace is shut down over night two meth- 
ods of handling the electrodes may be followed. They 
may be raised as high as possible or lowered into the hot 
furnace. Exponents of both methods will be found. The 
National (-arbon Co. in a handbook on electrode care and 
operation, advocates rai.sing them out of the furnace as 
high as possible, explaining the action as follows: 

Various attempts have been made to prevent this de- 
structive oxidation — such as the use of nonburning paints 
or asbestos coatings on the electrode, or by cooling with 
a salt watei- spray immediately after the last heat of the 
day. However, the most practical means of combating 
this feature seems to be that of raising the electrodes as 
high as possible out of the furnace and luting up the 
clearance between the roof glands and electrodes with fire 
clay. This prevents the heat of the furnace from passing 
up and around the electrodes, and they will cool rapidly 
in the air with little oxidation. When running on one 
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shift a clay, this method has resulted in a saving of about 
20 per cent in electrode consumption. 

It has not proved advisable to lower the electrodes 
into the furnace and attempt to obtain a reducing at- 
mosphere by throwing in a little coal and stopping out the 
air. Air will leak in through cracks in the fire clay and 
between the brick in the roof and walls as the furnace 
cools and contracts, and the heat of the furnace keeps the 
electrodes up 1o oxidizing tcmperalures for a long time. 



Fik" 17 — Rapid Hiirninf; Results in Spindling: Leaving a Stub Which 
Quickly Is Broken 

The writer has tried both of the foregoing methods 
thoroughly to determine, if possible, which is superior. It 
was found that as regards the loss in weight, both were 
about eciual in most cases, but with furnaces having close 
fitting doors, the balance was in favor of lowering the 
electrodes into the furnace, due to the fact that a certain 
amount of heat thus was conserved. The practice in most 
shops is to charge as soon as the heat is poured which 
makes the raising of the carbons mandatory. 
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Lo^is By Burning 

Another ^reat loss is caused by undue burning above 
the roof glands, or spindling as it is commonly known. 
When the heat first melts down, the electrodes dig low into 
the furnace and beat so that when the height of the 



111’ IK I'lc 1') 

Fij^. IS Si)«.‘cial, WiiU'i -(U>ole(l Gland Dfsi^nod to Koducc ning 
of Elect! odos at the Point of Entry to the Furnace 
Fik 10- Watei -Cooled Kinj? Constructed to Tiower Temperature 
of Electrode 

l)ath rises, thei'e is about a foot of red hot electrode ex- 
posed to the air. Then the hot gaSes rising around the 
electrode from the roof ports keep this portion at a high 
temperature. The result is a rapid burning as shown 
in Fig. 17 with the result that the electrode is weakened 
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later causing the stub to break off. The loss in effective 
carbon from this cause is considerable and many methods 
have been devised to combat it. 

Paints and coverings all have proved to be unsuccess- 
ful and much experimenting has been done along the lines 
of more effective roof glands. A roof gland is a water 



Fiji -0 — Flcctiodf Ring; With Multiple Duots 1‘or Conductine: th<‘ 
Coolinji Water 


cooled ring surrounding the electrode where it enters the 
roof, the clearance between the ring and the electrode be- 
ing as small as possible. The hot gases as they rise must 
pass through this small aperture, the attempt being to cool 
them down to a point where they will not ignite when en- 
tering the air. Figs. 18, 19 and 20 show difl'erent meth- 
ods of applying this cooling principle. 
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The ring shown in Fig. 18 is a patent gland designed 
by the Electric Furnace Construction Co., Philadelphia, 
makers of the Greaves-Etchell type furnace. Fig. 20 is 
that used on the ’Lectromelt furnace made by the Pitts- 
burgh Electric Furnace Corp., Pittsburgh, and Fig. 19 is 
the type of ring used on the Heroult furnace. In the older 
methods, straight -water cooling was the only means at- 
tempted to lower the burning of this gas, while in newer 
types the rings are used to lower the velocity and tem- 
perature of the gas by permitting an expansion. 

Prhici pleti Explained 

The principal of the device shown in Fig. 18 is as fol- 
Jow's: Tlie superheated gas -with a Jiigh velocity enters the 
economizer at G. Here the first expansion is allowed, to- 
gether with the hrst cooling operation. The large area, F, 
l)ermits this g-is to expand, losing its velocity, with the re- 
sult that the jicriod of water cooling is greatly increased. 
The seniicooled gas then passes through the small clear- 
ance into the large chamber, I), where the expansion is 
such as practically to eliminate any velocity. Further 
cooling is liere made possible. The gas then rises through 
a fine wii-e screen into another expansion chamber, C, 
where the last vestige of velocity is removed, the cooled 
gases gradually woi’king their way out of the cover, A, 
at the opening, B. 

Another reason for undue burning is the poor contact 
at the electrode joints, causing resistance to the flow of 
the current. Naturally, this heats the spot and the re- 
sult is a red hot patch from 1 to 4 inches in diameter, de- 
pending on the lack of contact. As soon as this point 
burns away slightly, a clearance is formed, and a small 
arc is drawn. If too severe, the electrode nipple will be 
cut cleanly off allowing the bottom electrode to drop in the 
bath. Whoever has had to get up on a hot furnace and 
try to pull out an entire stub, broken off even with the 
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roof, knows the labor, loss, and delay of such an accident. 
The remedy is to maintain tight joints. 

The vibration of the furnace always tends to loosen a 
joint and they should be tightened after every heat. The 
best way to do this is to obtain a standard chain pipe 
wrench about 25 inches long, and have a double length 
chain placed on. With this simple instrument an elec- 
trode may be tightened in about 5 seconds, and made so 
tight that there is no possibility of a bad joint. In mak- 



Fig. 21 — Powor Consumption of Three-Ton Aeid-Lined Fiiinaci' 
Over a Period of One Year — Curve A Was Developed 
from Oversi/.e Heals and P fioin Pated Charges 


ing joints, plenty of electrode compound should be used 
so that when Ihc joint finally is tightened the compound 
will ooze out, filling all microscopic cracks of openings. 

The gi’eatest care always should be used to avoid any 
careless o])eration which will result in electrode breakage. 
When tile furnace is being charged, the electrodes should 
be raised well up out of the line of scrap so that there is 
no danger of a piece being thrown against the tip where 
weakness is greatest. When the scrap is melting and fall- 
ing in, it is safe to raise the electrodes and poke in the 
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metal around them until a clear pool is formed. This 
avoids any chance of a body of scrap falling against and 
breaking an electrode. The automatic regulators always 
must be watched to prevent any trouble causing racing 
which is likely to cause an electrode to break off by allow- 
ing it to strike heavily against the charge. 

Economical Operation 

The size of heats which should be made furnishes 
another point upon which ther< is considerable difference 



Fij; L’U -rowi'i (’on.suni]>tK)n ot a Six-Ton Basic Lined Furnace — 
Cuive A Was Plotted from Heats Running]: 

Not More Than 1000 Pounds Over Rated Ca- 
pacity and B from Much Tjarji:et Heals 

ol opinion. When a B-ton furnace is built, it always 
is constructed so that an overload of 100 per cent may 
be had if necessary. This leads to the production of 
oversize heats, charges of from 4 to 5 tons being the 
standard. This practice is similar on all sizes and types 
of furnace, the idea being that an oversize heat is a great 
deal more economical to make than a standard heat. 

While in general it is desirable to run larger heats 
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due to the larger tonnage, proportionally less operating 
time, etc., jt does not always follow that this practice 
is the most economical. Other features should be con- 
sidered such as tied up floor space, rapid flask turnover, 
size of equipment, etc., all of which favor smaller heats. 

The main point at issue is the difference in power 
per ton necessary, and the consequent difference in con- 
version costs, of the two methods. 

Some light may be thrown on this subject by an 
examination of the two curves covering both acid and 
basic operations as shown in Fig. 21 and 22. Fig. 21 
covers the record of one year's operation of a standard 
ll-lon 'lA'ctromolt furnace, operating on the acid hearth, 
and producing steel for medium size steel castings. 
Operations usually covered three heats per day steadily, 
although there were days when four were made, and 
many days when only two heats were poured. The work 
was as is found in any jobbing shop, the size of the work 
to be poui-ed generally determining the size of heat 
necessary. On the larger heats the temperature of the 
metal was less than on the standard size heats, due to the 
lai’g('r castings being poured with metal as cold as was 
consistent with safety. Consequently the figures tend 
to favor the o^’ersize heat slightly, when viewed from 
this angle. 

(hirvo A, is that developed from oversize heats, those 
running from 7000 pounds up. Curve B shows figures 
ol)tained on heats under this figure. These curves show 
strong sui)eriority for the large heat on the first two 
heats of the day, but favor the small lieat, for continuous 
operations. This is probably due to the time necessary 
for cliarging, the shorter time necessary for the smaller 
heat being sufficient to eliminate a great amount of the 
lost heat fi’om radiation. 

Fig. 22 covers the operation of a 6-ton Heroult fur- 
nace over a two->'ear period, using the basic process. 
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making steel for castings and high grade ingots, the 
operation being over the 24-hour period. Curve A is 
developed from heats of under 6 V 2 tons, while B covers 
the larger sizes. The difference on the basic process does 
not appear to be so marked as on the acid hearth, prob- 
ably due to the fact that the amount of heat necessary 
for the slags tends to stabilize any small melting dif- 
ferences. 

Other operators have reported results differing 
greatly from those given, some reporting savings of 
as great as 15 to 20 per cent by melting oversize heats. 
There is no question but that the larger heats are in 
the end slightly cheaper, as the proportional time is less 
on the heavy charges. Consequently, th(' wear and tear 
on the furnace roof and -walls, and the electrodes and 
ladles is loss which may prove to be a considerable item 
at the end of a year’s operation. 

(-ontinuity of operations is most desirable in an 
electric furnace shop. The curves ai)tly show the great 
drop in power used as the number of heats produced rises. 
Therefore, it is better to make two heats every other day 
than to make one daily, if the other shop conditions will 
warrant such action. 
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PURCHASING THE SCRAP AND CHARGING THE 
FURNACE 

AN ELECTRIC furnace making steel in the foundry is 
different from the furnace making extremely high 
grade products, in that economy is a prime requisite. 
Therefore, it follows that every possible saving must be 
made, both in purchasing materials and in production 
operations. 

As scrap metal for the furnace charge is the material 
most handled and used, certain set rules should be laid 
down for the procedure under which this item will pass 
from the preliminary order until it is charged into the 
furnace. 

In purchasing scrap, certain differences will arise, 
due to the size of furnace, contemplated regularity of 
operation, choice of process, whethei* acid or basic, etc. 
These features will affect materially the character of scrap 
metal brought to the works. Scrap steel can be roughly 
classed under the following headings: Size, character 
and composition. 

The size will depend upon two points, the size of 
the furnace and the intended operation. If the furnace 
is of 1-ton capacity, with doors 18 inches square, the 
metal must be such as can be handled easily in charging 
and small enough to be placed (luickly in the furnace. The 
latter is particularly important if operation is continu- 
ous. Under such conditions, the greatei* percentage of 
scrap should consist of such classes of material as heavy 
borings, nuts, bolts, rivets, punchings, short-sheared steel, 
heavy forge flashings, ingot butts, etc. These are small 
in size and may be shoveled in the furnace in a short time. 

The direct opposite to this would be a 6-ton furnace 
where only one or two heats are made in a day. Here 
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the doors are about 30 inches square, allowing a much 
larger size scrap and the time necessary to charge 
is not so important. Naturally, a cheaper grade of steel 
could be purchased, such material as structural butts, 
short pipe lengths, large plate shearings, mixed borings 
and turnings, miscellaneous forge flashings, etc. Such 
scrap usually is several dollars a ton less in price and 
while a longer time of charging would follow, there would 
still be a considerable saving in the final cost of the metal. 

Regularity of operation is the deciding feature in 
the character of scrap purchased and depends also upon 
the process of operation. Where basic operation is used, 
it i-s permissible to allow a greater percentage of rust 
or dirt on the scrap, which is taken care of by the slag 
and has no ill effect upon the hearth. Dirty or heavily 
oxidized metal will corrode an acid hearth quickly unless 
carefully watched and allowances made for this oxide. 
This percentage of rust will depend upon the general 
character of the scrap, thin plate shearings having a 
much greater volume of oxide than ingot butts. This 
factor depends greatly ui)on the area of a unit of scrap, 
('onsequently, for basic operations cheaper scrap is per- 
missible allowing the use of bundled iron, old torn down 
machinery, boilers, etc. 

CowpositioH of Scrap 

Compo.silion of sci-ap used is governed by the char- 
acter of oi)eration and the intended product and is handled 
under two main heads; the carbon percentage and that of 
phosphorus. If acid operation is to be used, it is manda- 
tory to obtain a low phosphorus charge. Basic opera- 
tions allow for phosphorus content considerably higher, 
due to the ability of this process partially to eliminate 
this undesired element. The amount of carbon desired 
in the product will control the charge to a great extent, 
as either raising or lowering the carbon in the bath is 
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to be avoided as far as possible. Consequently, if a soft 
steel is to be made, the charge will have to consist of such 
metal as will melt down sufficiently low, such classes of 
Fcrap as general structural, bolt and rivet stock, ingot 
butts from these products, old steel castings, etc., being 
particularly suitable. For higher carbon heats, the use 
of rail, old springs, etc., finds wide application. 

Table XIII gives the various classe.s of scrap on 

Table Xllf 

Scrap Classifications, Prices, and Analyses 


Prices per g^ross ton, Chicafro 





—Percentage 


- 

Class 

Price 

Carbon 

Mang. Sil. 

Phos. 

Sul 

Heavy melting steel 


0.15/0.30 

0.60 

0.10 

0.05 

0.05 

Frogs, switches, cut 

13.00 

0.50/0.76 

1.00 

0.20 

0.04 

0.04 

Shoveling steel 

12.50 

0.15/0.30 

0.60 

0.10 

0.04 

0.04 

Low phosphorus melting .... 

lO.OO 

0.18/0.24 

0 60 

0.10 

0.02 

0.02 

Forge flashings 

8.50 

0.10/0.20 

0.50 

0.10 

0.04 

0.04 

Steel rails, cut 

14 25 

0.50/0.76 

1.00 

0.20 

0 05 

0.05 

Axle turnings ... 

9.00 

0.38/0.52 

0 80 

0.20 

0.04 

0.04 

Small structural 

13.50 

0.18/0.24 

0.50 

0.15 

0.04 

0.04 

Steel axles, cut 

11.00 

0.38/0.52 

0.80 

0.24 

0.05 

0.05 

Railroad wrought 

14.00 

0 05/0.15 

0.40 

0.10 

0.12 

0.0 1 

Knuckles, couplers 

14 50 

0.55/0.70 

0.70 

0.40 

0.06 

0.05 

Springs, coiled 

15.50 

0.95/1.05 

0.40 

0 20 

0.03 

0.03 

Punchings, low phosphorus 

13.00 

0.10/0.24 

0.60 

0.10 

0.02 

0.02 

Locomotive tires .. 

12.50 

0.50/0.85 

0.75 

0.35 

0.05 

0.05 

Machine shop turnings . . 

5.00 

0.18/0.30 

0.00 

0.20 

0.05 

0.05 

Light iron 

5.00 

0.05/0.15 

0.40 

0.10 

0.12 

0.05 

Stampings 

7.00 

0.10/0.20 

0.50 

0.10 

0.05 

0.05 

Manganese, silicon, phosphorus, 
imum in each case. 

and sulphur given as 

the : 

max- 


the market, together with their comparative costs as of 
1921. While the prices today have changed in general, 
the ratio between the classes still exists. The difference 
in price between such items as machine shop turnings, 
light iron, stampings, fqrge flashings and axle turnings 
on one hand and heavy' melting steel, low phosphorus 
melting, punchings, etc., on the other, will be noted. The 
difference in this instance depends directly upon the 

ease of handling. 

Charging a heat of punchings in a 3-ton furnace 
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will take approximately 5 minutes per ton, while charging 
a similar size heat of light scrap will take probably three 
times as long or 15 minutes per ton. This extra time 
for two laborers at 30 cents per hour will amount to only 
10 cents per ton, while the difference in cost of scrap 
is several dollars. Of course, one other point determines 
this difference in price, that is melting loss. The general 
scrap prices are based upon the supply and demand of the 
large open-hearth shops which cannot use light scrap 
due to its heavy oxidizing loss in their process. Under 
electric furnace operation, this is not a fact, the amount 
of loss for light scrap amounting to about 2 or 3 per cent 
above that of a chunky charge. The total saving per 
ton on using such scrap, therefore, is about $2 per ton 
of hot metal. 

Select Scrap Carefully 

Scrap should not be purchased in an indiscriminate 
manner, but should be selected carefully after a thor- 
ough examination of all the prerequisites, as a few dollars 
difference in the price of the initial charge will make 
a decided change in the cost of the finished casting. 

The scrap should be selected over as wide a range 
as possible, that proper selecting for each individual 
heat may be made, the idea being to have as well balanced 
a charge as is possible. Such a charge should be selected 
as to size of scrap and composition, the aim being to 
obtain one which will melt down to the desired point 
with a minimum of power and labor. A charge of loosely 
packed scrap will take a longer time to melt than one 
which is compact. In the same manner, any needless 
elimination of phosphorus by slagging off results in an 
added expense. 

When the scrap metal comes into the yard it should 
be unloaded with a magnet and segregated as much as 
possible. All heavy pieces should be kept by themselves 
as should shoveling scrap, scrap which is either ex*^ra 
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clean or heavily oxidized. Pieces of irregular size which 
are hard to charge should be kept in one pile. There 
should be a further separation according to carbon con- 
tent and in some cases when any high phosphorus scrap 
is received, it should be placed by itself. If this is done 
it is easy for the melter to make up his heat with a 

Table XIV 

Typical Scrap Mixture 

Varying methods of making up a charge with a carbon content 
ranging from 0.20 to 0.30 per cent, intended for soft steel castings, 
the heat to shape itself with a minimum of effort on the part of 
the furnace crew. Assume shop scrap to contain 0.25 per cent car- 
bon, and to have a value of $12.00 per ton. Other values taken 
from Table XIII. 


Component parts 

Percentag 

e Cost 

Carbon 

No. 1 


gross ton 

percentage 

Shop scrap 

15 00 

$ 1.80 

0.038 

Machine shop turnings 

20.00 

1.00 

0.050 

Small structural 

50.00 

0.75 

0.120 

Forge flashings 

15 00 

1.28 

0.025 

No. 2 

100.00 

$10.83 

0.233 

Shop scrap 

15.00 

$ 1.80 

0.038 

Shoveling steel 

15.00 

1.88 

0.038 

Heavy melting steel ... 

15.00 

1 05 

0.038 

Stampings 

30.00 

2.10 

0 045 

Forge flashings 

25.00 

2.12 

0.038 

No. 3 

100.00 

$ 0.85 

0.197 

Shop scrap 

15.00 

$ 1.80 

0.038 

Axle turnings 

30.00 

2.70 

0.135 

Light iron 

10.00 

.50 

0.005 

Machine shop turnings 

20.00 

1.00 

0.040 

Punchings 

25.00 

3 26 

0.045 


100.00 

$ 9.26 

0.263 

minimum of time and 

effort. When 

scrap is 

all piled 


in one heap, it often requires considerable time to pick 
it over to make a special heat. 


Making Up the Charge 

In the preparation of the charge for any specific 
heat, several points should have consideration. The charge 
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must be of such chemical composition that when melted 
down it will give an analysis permitting finishing with a 
minimum of trouble. The sizes of the scrap must be 
chosen so as to enable the metal to be placed in one 
compact mass in the furnace. Further, such choice must 
be used as will insure a proper charge at the lowest 

Table XV 

Typical Scrap Charge 

Methods of making up a charge with carbon content of from 
0.40 to 0.50 per cent, for medium hard steel castings. 

Component parts Percentage Cost Carbon 

No. i gross ton percentage 


Coiled springs 

30 

$ 4.65 

0.300 

Axle turnings 

20 

1.80 

0.090 

Forge flashings 

35 

2.07 

0.052 

Shop scrap 

15 

1.80 

0.038 


100 

$11.22 

0.480 

No. 2 




Shop scrap 

. . . 15 

$ 1.80 

0.038 

Knuckles 

... . 30 

4.35 

0.186 

Locomotive tires 

25 

3 13 

0.160 

Machine shop turnings 

30 

1.50 

0.072 


100 

$10.78 

0.456 

No. 3 




Steel rail 

50 

$ 7.13 

0.310 

Heavy melting steel 

10 

1.30 

0.022 

Axle turnings 

... 30 

2.70 

0.136 

Stampings 

10 

.70 

0,015 


100 

$11.83 

0.483 


possible cost for the metal. That innumerable combin- 
ations satisfy these points is admitted, but there is always 
the one best method for each set of conditions. 

Tables XIV, XV and XVI show several varying 
methods of arranging the charges for certain specified 
heats. 

Assuming that the different components of the charge 
have been decided upon, the procedure will be to place 
it in the furnace as shown in Fig. 23. The large, heavy 
chunks are spread over the entire hearth, especially in 
the direct path of the electrodes as they dig downward. 
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This delays their downward progress sufficiently to allow 
a small pool to form in the center of the hearth before the 
electrodes have reached this point. This is a safeguard 
against any tendency to arc against the bare hearth with 
its attendant bottom trouble. The interstices are filled 
with smaller scrap and care is observed to so arrange 

Table XVI 

Typical Scrap Charges 

Charges for extra hard steel running from approximately 0.70 
to 0.80 per cent carbon. 


Component parts 

Percentage Cost 

Carbon 

No. 1 


gross ton percenta 

Coiled springs 

45 

$ 7.00 

0.450 

Knuckles, couplers 

35 

5.10 

0.217 

Locomotive tires 

... 20 

2.50 

0.130 


100 

$14.60 

0.797 

No. 2 




Steel rail 

50 

$ 7.13 

0.320 

Axle turnings 

40 

3.60 

0.180 

Heavy melting steel 

. . . 10 

1.30 

0.022 

Carbon (coke) 

11 

lbs. .05 

0.260 


100 

$12.08 

0.782 

No. 3 




Heavy melting steel . . 

20 

$ 2.60 

0.044 

Punchings 

. . . . 20 

2.60 

0.036 

Axle turnings 

80 

2.70 

0.135 

Stampings 

80 

2.10 

0.045 

Carbon (coke) . . 

.. . 22 

lbs. .11 

0.520 


100 

$10.11 

0.780 


the upper layers of the charge that there is small likeli- 
hood of bridging. 

The center core of the charge always should be of 
such a nature that as soon as it is slightly undermined 
by molten metal it will readily slip in and under the 
electrodes. The best ePass of scrap for this central 
portion is heavy turnings or similar small sized metal 
which does not tend to bond itself in one unbreakable 
mass. 

Method of Charging 

The method of charging this scrap will depend upon 
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the type of furnace being used and whether hand or 
machine charging is used. On such furnaces as the 
Heroult, Greene, Ludlum, etc., up to 6 tons in size, hand 
charging is the only possible method. If the furnace 
is on the floor level, the scrap must be placed in cans 
or boxes and lifted up by the crane. In either method, 
the carrier will be directly filled by the electric magnet 
and weighed before being charged, either on a platform 
scale or on a spring scale suspended from the crane. The 



Fiftr. 23 — Recommended Practice for Charping- Scrap in Klectric 
Furnace 


scrap is dumped before the furnace doors and thrown 
in as quickly as possible. Extremely large chunks may 
be handled readily on a peel or long tong arrangement 
suspended from a swing crane, while such classes of metal 
as punchings, heavy turnings, nuts, rivets, etc., may be 
handled with shovels. 

This hand charging is at the best a slow process and 
constitutes one of the greatest delaya met with in electric 
furnace operation. While heavy ^crap capable of being 
handled with shovels may be charged quickly, such classes 
of metal are to be had only in small lots and then usually 
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at a stiff premium. To overcome this loss of time many 
different methods have been advocated. 

One furnace is constructed so that the roof may be 
tilted back, allowing the interior to be filled from the top. 
The manufacturers of this furnace advocate preheating 
the scrap in oil fired ovens, charging in drop bottom 
buckets and placing the scrap in position from above. 
While this method is good when considered from the 
standpoint of power saving, difficulty is encountered from 
the roofs. The constant exposure of a white hot refrac- 
tory to the cold air when the roof is lifted may result in 
rapid deterioration of the brick, with a short roof and 
wall life. 

Gravity Charging 

Another type furnace has the main charging door 
directly in the rear of the furnace which makes possible 
the use of gravity in charging through the door, without 
raising the roof or otherwise exposing the refractories to 
cold air. This system makes use of a charging box, which 
is made of steel plate in the form of a long box, being 
approximately 24 inches square and about 8 feet long. 
This is mounted on wheels so arranged that when rolled 
up to the furnace, the front end of the charger is in line 
with the doov opening. The front of the box is inserted in 
the door and latched into position. Rear end of the box is 
lifted by the crane, the furnace being tilted forward as the 
box rises. When the maximum furnace tilt is obtained, the 
rear of the box is about 10 or 12 feet from the floor at an 
angle of 45 degrees. Upon striking the box with a bar, 
the charge slides into the furnace. 

Such a box will hold* from 3000 to 5000 pounds of 
scrap, depending upon its character and takes approxi- 
mately 10 minutes to charge. This is extremely fast work 
and naturally results in shortening the time between 
heats to a marked degree. 

However, two disadvantages are encountered in this 
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method of charging. When this charge slides into the 
furnace, there is naturally a heavy impact. The scrap 
is thrown heavily upon striking and impinges against 
both the roof and upper side walls. The result is a 
gradual weakening of the refractory resulting in short 
life of both roof and wall. The most severe disadvantage 
is the building up of the hearth. When this charge of 
scrap strikes, it loosens all of the i^atching material on 
the banks which drops into the bottom of the furnace, 
with the result that the side walls tend to go down and 
the hearth rapidly builds up. 

These buckets were used in a 3-ton installation under 
the author’s supervision over a period of several months, 
but were discarded. In one particular instance, the acid 
hearth built up 8 inches in thickness during one week while 
the charging bucket was in use. Since discarding it, there 
has been no thickening of the hearth, this period being 
over 8 months. In every case where the bucket was 
used, the front pari of the furnace roof gi’adually was 
knocked to pieces by the scrap striking against the brick, 
re(iuiring constant patching to keep the roof in service. 

In the furnaces of 10 Ions in size, the standard charg- 
ing machine, as used in open-hearth work, has found 
some use. In a shop in Buffalo where two 10-ton Heroults 
are in service, the charging machine, has been in use for 
some time. A charging machine also is used in a 6-ton 
Ludlum furnace operating in one of the prominent eastern 
shops. If the furnace is of such a size as to allow of the 
entrance of a charging bucket, this system of operation 
may be used, but it involves a heavy installation cost 
which the writer does not believe to be justified by the 
saving. Smaller furnaces naturally cannot consider such 
an arrangement. 

Movable Hearth Furnace 

One special installation is arranged so that the entire 
furnace hearth rolls on wheels, When the heat is poured. 
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the furnace is patched and the hearth run out from under 
the roof. The scrap, which has been weighed previously, 
is charged quickly with an electric magnet, the hearth 
being run back into place as soon as charging is com- 
pleted. It is claimed that only 7 minutes is taken for 
thus charging a heat of 6 to 7 tons, from the time the 
hearth is run out until the current is on again. It seems 
as if the same objections would hold as for the system 
using the removable roof, namely rapid refractory disin- 
tegration. As most of the furnaces with the rolling hearth 
use magnesite brick for the entire wall, it would be 
imagined that the spalling loss would be severe 

Another company recently has placed on the market 
a furnace embodying a rather new principle. The instal- 
lation consists of two complete furnaces mounted on an 
arrangement allowing of rotating the entire setup. One 
transformer and only one set of electrodes are used. 
One of the furnaces is charged and the heat, melted. 
During this melting the other furnace is being charged. 
As soon as the first furnace has poured its steel, the elec- 
trodes are raised clear of the roof and the setup rotated 
so that the second furnace is in melting position. The 
electrodes are lowered and melting starts on the second 
unit. The total delay between heats is not over 5 minutes. 
Whether or not the added cost of equipment will counter- 
balance the elimination of delays remains to be seen. 



VII 

MAKING BASIC STEEL 

I N MAKING basic steel several different methods are 
pursued, the choice depending upon the quality of the 
product desired, the choice of scrap, etc. The degree 
of both dephosphorizing and desulphurizing will tend to 
determine the choice of method to pursue. In basic opera- 
tion the two main differences are the two-slag and the 
one-slag processes, which with many modifications for 
each give a large number of details to handle. Many 
rnelters tend to change the method of operation without 
considering important advantages to accrue therefrom. 
It is strongly advised to consider carefully any change 
in the procedure of melting or refining. If the present 
method of operation is satisfactory it is wise to continue 
in the same manner until it can be shown where it can 
be improved. If trouble is encountered ask for advice 
from some other man who has probably encountered the 
same difficulty and knows the proper move to checkmate 
your problem. 

The Two-Slag Method 

The two-slag method of manufacture probably is used 
more than any other basic practice. Two slags are used, 
the first being made under heavy oxidizing conditions and 
removed to eliminate some of the phosphorus. The second 
is made in a similar manner, but under a heavy reducing 
atmosphere, in which condition it has the ability to 
lower the sulphur content of the metal to a marked 
degree. 

By far the best method to pursue in explaining the 
practice to follow will be to carry a heat through from 
beginning to end. Assume that a h^at of steel is intended 
for a miscellaneous lot of castings, the intended analysis 
to be approximately as follows: Carbon, 0.22 to 0.28 



100 Refining Metals Electrically 

per cent; manganese, 0.60 to 0.70 per cent; and phos- 
phorus and sulphur below 0.05 per cent. This is the 
standard specification used to make steel for the American 
Society for Testing Materials soft classification and is 
the analysis generally used for all types of miscellaneous 
work. 

The furnace is charged with a general assortment of 
low carbon scrap, the electrodes are lowered and the arc 
struck. The exact procedure to follow will depend upon 
what type of automatic regulator is in use. If a General 
Electric, the main switch is thrown in on high voltage 
and the electrodes are lowered with the push buttons until 
the arc is struck, when the furnace may be thrown from 
hand control to automatic. If a new type of Westinghouse 
regulator is used, an iron or steel bar is thrust in the 
furnace to make contact between the charge and the 
furnace shell. The switch is thrown on the high side 
and the regulator immediately thrown on automatic. The 
electrodes will lower themselves until contact is made, 
when movement ceases until the arc is broken. 

At the start of a heat some melters prefer to operate 
the furnace on hand control for a few minutes until a 
steady arc is formed, when the automatic is placed in 
commission. This is an aid in avoiding electrode break- 
age as there is small likelihood of an electrode hitting 
hard against the charge. With the Westinghouse regula- 
tor, there is no danger of this for the wiring is so 
arranged that when the electrode touches the scrap, the 
electrode automatically ceases moving. Consequently, 
the furnace may be started directly on automatic. After 
about 5 minutes, when a slight pool has formed, the iron 
bar may be taken out of the door, as contact will be 
assured from this time. 

. The current is allowed to stay on until the charge 
has melted down. However, certain occurrences may 
cause a shutdown during melting. 
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Often the electrodes dig so low in the furnace that 
the holder rests against the roof gland. When this occurs, 
the electrodes must be loosened in the holder and the 
holder raised until there is sufficient length to allow run- 
ning the remainder of the heat with no further delay 
from this trouble. This operation generally occurs about 
20 or 30 minutes after the current is turned on and re- 
quires approximately 5 minutes for the total operation. 
If this is done before the heat is started, there is an 
unusual length of electrode from the holder to the end. 
If the electrode tends to slide sideways on an angular 
piece of scrap, there is a great chance of this long elec- 
trode breaking, so that it is better to have the short 5- 
minute delay than a much longer one caused by breakage. 

Electrode Breakage 

Electrode breakage is one of the worst conditions the 
melter has to meet in melting of a heat and although 
of rare occurrence, may often be of serious nature and 
cause considerable delay. If the stub breaks off for a 
few inches, it may be burned out safely with no difficulty. 
If a stub over l-foot long breaks off, it should be removed 
if possible. However, this stub often is down in a hole 
surrounded by an impregnable wall of scrap, in which 
position it is impossible to remove it. The only recourse 
is to lower the electrodes and allow the arc to break to 
this stub. Soon a pool of metal will be formed and it 
will then be possible to hook out the stub. 

The worst condition of breakage is where a full 
length of electrode is dropped in the furnace, due to the 
joint giving way. Often this electrode breaks off in such 
a position that its top is even with the top of the roof. 
The only way this can be removed is to loop a small chain 
around it and pull out with the crane. A small chain 
always should be kept among the furnace tools for just 
such an emergency. If a long length of electrode falls 
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crosswise in the furnace and cannot be pulled out, it 
must be broken up with heavy bars and sledges and 
removed in pieces. 

Under any conditions of electrode breakage, the main 
trouble to guard against other than delays, is the serious 
pickup of carbon in the metal. When the electrode stub 
is removed, a quick calculation will show the approximate 
amount of carbon dissolved and sufficient ore may be 
added to counteract this enrichment. 

It is always good practice to have an entire length 
of electrode, consisting of two full lengths, set up in 
the vicinity of the furnace. In cases where it would 
become necessary to add a new electrode, a great saving 
in time is made by placing this substitute electrode in 
commission. It must be remembered that a shutdown 
of any length during melting not only is harmful from 
time wasted, but allows a needless amount of oxide to 
contaminate the bath, cold air rapidly combining with the 
heated metal. 

Bridging of Scrap 

Without a doubt, scrap bridging is one of the most 
dangerous troubles encountered in electric furnace work, 
and it is one direct cause of a majority of hearth diffi- 
culties in electric steel-making. After the electrodes have 
formed a small pool in the bottom, the arc is thrown in all 
directions, but the greater portion of its force is down- 
ward to the point of best conductivity. During melting 
down, when the electrodes have been digging themselves 
a hole, the arc has flared and tended to partly melt the 
scrap in the vicinity of these paths. This tends to weld 
the upper layers of the charge together, especially if of 
such a character as will tend to bind naturally, such as 
long, mixed bar iron. 

The rising temperature of the pool, naturally aids 
in fusing the surrounding metal, and soon a regular roof 
of tightly fused scrap is formed in the furnace, just high 
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enough from the arc so that the radiated heat is insiiin- 
cient to melt it down. The result is that the metal in the 
bottom becomes greatly superheated, causing the hearth 
to fuse and holes to start. As this refractory digs out, 
the hot steel is lowered, and the greater volume of slag 
formed helps further in keeping the heat from melting 
out this steel bridge. Continuation of this will result 
either in losing a hearth completely or in such a bad hole 
that it may be necessary to stop and burn in a patch. 

There is no reason for ever allowing this to happen, 
as the furnace will give adequate warning. During the 
general melting down, the flame issuing from around the 
electrodes will be strongly oxidizing, and will be sharp and 
pointed, often bluish in color. However, as soon as 
bridging starts to any dangerous degree, this flame will 
quickly change to a soft, luminous, yellow color, accom- 
panied by heavy white or black smoke showing that reduc- 
tion is starting. As there can be no reduction in the 
presence of the iron oxide on the scrap unless trouble is 
ensuing one may tell quickly what is wrong. 

There is only one antidote for such an occurrence, 
that is to break down the bridge, and often this is much 
easier said than done. However, it must be done, so the 
only way to go about it is to get hooks and bars, and start 
breaking down a little at a time. Often it may be broken 
in a few minutes, but there are times when it will take Ifi 
or 20 minutes of the hardest work to accomplish that 
end. After being broken down, it is generally best to 
add several shovels of ore, to thin the slag, and to create 
sufficient boil quickly to throw any still adhering scrap 
into the bath. 

Current may be interrupted by a shut down of the 
main source of supply, or may be the result of trouble in 
the electrical end of the furnace, if the shut down is of 
any appreciable duration, all doors and cracks should 
be sealed with a heavy mud to assist in holding as much 
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heat as possible, and to keep out cold air with its attend- 
ant oxygen. 

The free melting of the charge on a 3-phase, arc-type 
furnace presupposes perfect contact throughout all por- 
tions of the metallic charge, if it is to act as a satisfactory 
neutral connection. Often due to dirty or heavily rusted 
scrap, poor contact is made throughout a portion of the 
charge, causing one of the electrodes to become isolated 
and lose its current connection. If allowed to proceed, 
the regulator will force the electrode downward and break 
it, or the cable on the electrode motor will unwind and 
often cause a snarl. Poor contact is seen when one of 
the electrodes refuses to arc, and the ammeter drops to 
zero. 

Bars should be inserted in the furnace and the scrap 
under this electrode disarranged so that fresh surfaces 
may be exposed and contact picked up. If this will not 
work, several large size pieces of coke thrown directly 
under the electrode generally will carry the current long 
enough for contact to form underneath, the heat, fusing 
the pieces together. However, at times, all such treat- 
ments will fail, and the only remedy then is to raise the 
electrode and throw several hundred pounds of some good, 
clean scrap underneath. Charges containing a large 
amount of dirty borings or turnings, and those with 
sand covered ladle skulls, spill, etc., ai-e likely to give 
poor contact, and this metal should be so charged that 
this danger is minimized. 

Avoid Poiver Surges 

During melting down, power surges should be avoided 
as they tend greatly to disturb the electrical system, and 
place undue strain on the regulator units. Surging usually 
is caused by a bad boil, an exposed patch of clear metal, or 
by scrap falling against the electrodes. 

A boil may be stopped quickly by tossing a few 
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chunks of cold metal in on the spot, the chilling effect 
quickly calming down the metal. A normal boil should 
approach more of a heavy bubbling aspect than a series 
of violent churnings. Clear metal easily is overcome 
by the addition of a small amount of lime to form a slag. 

As the bath is approaching a well melted condition, 
the main body of the scrap is undermined by molten metal. 
Often this suddenly slips, and a dead short is made with 
all three electrodes. This sudden strain, unless relieved, 
is likely to cause serious trouble with the electrical equip- 
ment. Of course, limit switches are provided such that 
any overload throws off the current, but there are times 
when something goes wrong with this equipment, and 
the main brunt of the strain is thrown upon the trans- 
former. Constant repetition of this gradually will wear 
down the electrical equipment until a failure occurs, with 
its long and costly delay. 

The remedy for this is to raise the electrodes as soon 
as the scrap approaches the falling condition, and poke 
it into the bath with bars. The walls may be well cleaned 
of metal and the current again turned on. It is much 
better to waste several minutes poking in than to allow 
the scrap to fall with the chance of breaking an electrode 
or ruining a transformer. 

Ot)erload Heats 

Often heavy, overloaded heats are placed on the fur- 
nace such as requiring a 3-ton furnace to pour 6 tons of 
metal. In many such instances it is impossible fully to 
charge the heat on one operation, and further scrap must 
be added after melting down. In such an instance, this 
practice is all right because it is a necessity but under 
any other circumstances this addition of cold scrap to 
a melted bath should be avoided rigorously. 

In the first place it constitutes a heavy chilling effect, 
often a heavy skull being formed on the bottom, and 
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around the walls, requiring an unusual amount of energy 
to melt it free. Again, the addition of oxide to a melted 
metal does not improve quality, the metal in this pasty 
state being in exactly the right condition to dissolve a 
part of this unwanted element. It has been found in most 
instances that the time lost, and added power necessary, 
over-balance any gain from the larger sized heat, although 
there are melters who strongly advocate such practice. 

Another point of controversy is the proper voltage 
with which to melt the charge, and whether two or more 
voltages are superior to one. To show to what extent 
this difference of opinion goes an examination of a few 
of the different furnaces on the market denotes the wide 
difference. For example, the Heroult furnace is installed 
with two different alternative arrangements; one having 
a single voltage of from 100 to 110, the other having a 
melting down voltage of approximately l-SO, with the 
transformer so arranged that various selections may be 
made for the refining voltage. In one particular shop the 
transformer was so arranged that there were six possible 
combinations ranging from 60 to i:30 volts 

This is standard on the majority of pi’esent furnaces. 
A new innovation was brought foi’ward by the Pittsburgh 
Electric Furnace Corp., Pittsburgh. Appreciating the 
value of speed in the steel-making activities of a foundry, 
this company gains a point by using relatively high volt- 
ages, differing greatly from the present standard practice. 
The transformer is connected so that a voltage of approxi- 
mately 238 is used for melting down, with a voltage of 
about 138 for finishing and refining. The natural result 
of this long arc is a much 'faster melting operation with 
its attendant economy. 

On basic operation there is ground against the long 
arc in the fact that it is conducive to the fixation of nitro- 
gen, which dissolving in the steel is the cause of every 
trouble from a plain gas bubble to a faint ghost line. 
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The author in operating this furnace on both basic and 
acid hearths has followed carefully the quality of the steel, 
and has found it to be the equal of quality of that made 
in other types of furnace. 

On basic operation there is ground for the argument 
against such a long arc, as it tends to perform its melting 
so quickly that the action of the slag has not sufficient 
time to function thoroughly. On basic operation a 
melting down voltage of from 120 to 150 volts is recom- 
mended, with a refining voltage of from 90 to HO. On 
acid operations a melting down voltage of from 180 to 
230 is right, with a refining figure of from 110 to 130 
volts. 

Mdtivg Down the Heat 

Assuming that none of the above troubles are 
encountered, the heat is allowed to melt down to the point 
where the scrap is beginning to undermine, when the cur- 
rent is shut off, the electrodes raised, and as much of the 
scrap poked in as possible. Often this is unnecessary, 
the scrap gently sliding into the pool as the bottom 
portions gradually are melted away. From this point on, 
the heat will require certain working to bring the first 
slag into a satisfactory condition. This first or dephos- 
phorizing slag is composed of lime alone and may be 
added to the furnace in several different ways. 

The lime may be charged directly on the hearth 
before the furnace is charged with scrap. While this 
practice is widely followed, it is not to be recommended 
as its use in this manner tends to build up the hearth. 
As the bottom of a basic furnace always tends to rise 
with the best of practice, requiring constant attention 
to cut back to shape, this is only causing extra trouble 
for the furnace crew resulting in an increase in lost time 
and giving trouble with the slags during this period. 

The lime may be mixed with the scrap during charg- 
ing or placed about the center of the charge, between the 
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layers cf metal. The objection to this arises from the 
fact that lime is a poor conductor of electricity when cold 
and when placed in this manner might be so arranged 
that different parts of the charge would become insulated 
from the remainder, causing difficulty in making contact. 

Lime Under Electrodes 

A third method is to add the lime under the electrodes 
as soon as the first pool of metal forms. Often this is 
performed by raising the electrodes when they have dug a 
deep hole, adding the lime and filling up these cavities 
with fresh scrap. 

Extensive experiments have been conducted on this 
point by the author and more uniform results were 
obtained by the latter practice than by any other. This 
is the hottest point in the furnace and it is easy to strike 
an arc in the presence of these hot gases regardless of 
whether lime is present or not. P'urthermore, this is the 
point where the greatest amount of physical action is had, 
due to the churning of the metal by the force of the arc. 
Consequently, this lime is mixed rapidly to form a slag 
and always being exposed to any oxide as the scrap melts, 
tends to pick up the oxide before it has any tendency to 
dissolve in the metal. 

How much lime is needed for this slag? Assuming 
that the amount of phosphorus to be eliminated is about 
0.03 to 0.04 per cent, it will be necessary to add sufficient 
lime adequately to carry this amount. In addition to the 
amount of lime necessary to carry off the phosphorus, 
sufficient must be present to form a slag with the silicon, 
the manganese and any foreign matter in the charge, 
besides having enough to form a blanket for the metal. 
As much heat is necessary to melt and hold this slag liquid, 
this heat is wasted as far as its effect on the kilowatt hour 
per ton of metal value is concerned, the minimum amount 
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which will adequately satisfy all of the above points must 
be used. 

Experience has taught that an amount of lime equal 
to from 2 to 4 per cent of the weight of charge is suffi- 
cient to satisfy all the the foregoing points. This amount 
will vary, depending upon the phosphorus to be eliminated, 
the cleanliness of the scrap and other considerations. It 
does not have to be accurately weighed, but can be cal- 
culated by the scoopful and about half thrown in the holes 
under the electrodes as the heat melts, the remainder 

Table XVII 

How Slag Eliminates Phosphorus 
No additions of ore or scale, other than on the scrap in the 
form of rust; no boiling, and slagging oif as soon as the heat was 
sufficiently melted. 

Pounds Lime Per cent Phos. in slag Per cent removed from steel 


540 1.03 0.032 

530 1.30 0.050 

570 1.31 0.064 

540 0.95 0.081 

550 0.85 0.089 

420 0.59 0.066 

560 0.72 0.050 


being added as soon as a fair-sized pool is formed. The 
entire amount ordinarily will be in the furnace approxi- 
mately 45 minutes after the current is on, in a furnace 
taking about 2 hours to melt the charge. As the metal 
melts, all impurities and the oxidized alloys contained 
rise to the top and slag with this lime. This forms an 
excellent blanket of rather thick slag which is a decided 
advantage. This thick body of slag does not radiate heat 
well, the main body of the heat being transmitted to the 
steel bath below, a minimum of the arc’s radiation being 
thrown against the roof or side walls. 

Phosphorus Removed 

Tests made on a 6-ton Heroult furnace, melting 
approximately 8 to 9 tons in a charge largely made up 
of railroad wrought iron, show the effect on phosphorus 
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removal. The results of this test are shown in Table 
XVII. 

The amount of phosphorus eliminated may be in- 
creased by the addition of sufficient amounts of ore to 
keep the bath in a steady boil or in special cases more 
than one dephosphorizing slag can be used. 

As the heat melts and this slag becomes more con- 
taminated with oxides, its viscosity is lowered. It often 
becomes thin and runs like water. When this occurs 
more lime must be added to keep this slag in a fairly 
thick condition. When the bath has melted completely 
and is hot enough to retain its molten condition for 10 
or 15 minutes, the current is shut off and slagging off 
begins. Flat, hoe shaped, rabble bars are used to push 
the slag toward the tapping door, or in certain makes of 
furnace, toward the slagging door, where it is pulled out 
with bars or hooks. Often the rabbles are made with 
a wooden edge, as these are more suitable for raking the 
slag and the metal does not adhere to its surface. As 
soon as the greater part of the slag has been removed 
in this manner, a further addition of lime is thrown in 
the furnace and the metallic bath absolutely cleaned of 
any remaining slag. The furnace is tilted back into 
normal position and is ready for finishing the heat. 

Chemistrn of the Melting Period 

The initial charge, from a chemical standpoint, con- 
sists of an iron base together with certain amounts of 
iron oxide, manganese, silicon, carbon, phosphorus and 
sulphur. Of these, the iron oxide is the most important 
as it furnishes the necessary oxygen for the action of the 
first slag or the oxidizing period. Iron combines readily 
with oxygen from the atmosphere to form iron oxide, or 
rust as it is commonly known. This is in the form of 
FenO. at normal temperatures. At temperatures of 800 
to 900 degrees, the combination of iron with oxygen be- 
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comes rapid and scale is formed. This can be repre- 
sented by Fe^O, or FeO.Fe^O.^. This always is formed 
when free iron is heated to this temperature in the pres- 
ence of either air or steam, from the reaction 
3 Fe 4- 2 0, r-_ Fe, 0, 

But at temperatures over 1000 degrees with iron in 
contact with carbon dioxide another form of iron oxide 
may be formed, FeO. 

Fe 4- CO, = FeO f CO 

There are other possible ways for oxides of different 
kinds to be formed but from the standpoint of practical 
furnace operation, the above generalizations serv^e as 
excellent examples to show the reactions involved. 

As all scrap metal contains an appreciable amount of 
rust, this is one large source of the oxygen needed. Then, 
in the melting down period, the furnace doors never are 
sealed completely, so air is drawn freely into the furnace 
from the outside atmosphere. This furnishes another 
source of oxygen. On the general run of low’ carbon 
steels, such as the present example, these amounts of 
oxygen are more than sufficient and may safely be 
considered as providing an excess of oxygen and reejuiring 
no ore to complete the reactions. 

Phosphorus is oxidized easily when in the free state, 
by oxygen alone to form the pentoxide P.O, In steel, 
phosphorus is combined as iron phosphide, Fe.P, wdth 
up to about 1.7 per (cnt P, having a melting point of 
approximately 910 degrees Cent. As the metal becomes 
heated to this temperature, the iron phosphide melts 
and combines w'ith oxygen to form the pentoxide. From 
this point all iron in the bath may be considered as FeO 
in making our calculations. This phosphorus pentoxide is 
an acid and must be neutralized as soon as formed, which 
under this process is naturally an automatic action in 
the presence of the heavy lime slag. The reaction by 
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which the phosphorus is removed from the metal may be 
represented by 

2 Fe,P+8 FeO-=(FeO),.P,0,+ll Fe. 

This reaction will be in process before and during 
oxidation of the silicon to silica, but the phosphorus will 
never be completely removed from the metal until all 
of the silicon has been eliminated. Silicon has the power 
of replacing the phosphorus pentoxide in the ferrous phos- 
phate and exposing this oxide to further reactions. This 
power of silica accounts for the fact that phosphorus 
never is removed by any of the acid processes for making 
steel, because the formation of this compound is pre- 
vented by the high percentage of silica in the slags and 
the consequent retention of the silicon in the metal. In 
the basic process, the large excess of lime is sufficient to 
neutralize this silica so that not only is the ferrous phos- 
phate allowed to form, but on reaching the slag is con- 
verted into a stable calcium phosphate: 

(Fe0),P,0.-f-3 Ca0=^(Ca0),P,0,H-3 FeO 

However, this salt easily is reduced and the phos- 
phorus only will be held by the slag as long as the tem- 
perature is highly oxidizing and in the presence of a 
heavy lime slag, which is distinctly basic. 

Silicon, under the influence and conditions of the 
electric furnace, forms but one oxide, that of silica, SiO_.. 
The tendency of silicon to combine with oxygen is even 
stronger than that of iron, due to the greater heat of 
formation of the oxides. This makes it capable of reduc- 
ing any of the iron oxides and upon this fact is based the 
elimination of this metal from the molten steel. 

Since at this temperature the most plausible oxide 
to suffer by this reaction is FeO, this elimination may be 
represented by 


Si+2 FeO=SiO:,+2 Fe. 
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Slag Formation 

Immediately the reaction is completed, the silica 
combines with the iron oxide to form a bi-silicate, tri- 
silicate or even some more complex salt of the two com- 
pounds, depending on the amount of the base present. 
This, from a practical standpoint will occur most prob- 
ably as 

3 Si-f8 FeO- (FeO,.(Si(),) ,-f 6 Fe 

This ferrous silicate is in the fusion state, due to a 
lower melting point than that of the metal and being 
of lower density than the steel, rises to the surface and 
combines with the lime to form a slag. Here further 
changes may ensue. This silicate when first formed, 
was in the presence of a limited amount of base. With 
the ever present excess of lime, this silicate may change 
to the monosilicate from its previous state of a trisilicate : 

(FeO),.(Si(),) ,-f 4 Fe()=3 (FeO),.SiO, 

The ferrous oxide thus combined becomes inactive, 
but is released to go back into the bath by the combina- 
tion of this compound and the lime of the slag: 

(Fe(3),.SiO,-|2 CaO— (CaO) ,.SiO,-]-2 FeO 

This form of a calcium silicate is stable and safely 
holds all of the silica in combination under oxidizing, basic 
conditions. This calcium silicate forms the major part 
of the first slag in the electric process, but never is freed 
from the oxides of iron, due to its ability to hold them in 
solution. 

Manganese with oxygen forms probably as large a 
number of oxides as any other metal, but under the con- 
ditions of the electric furnace only one exists, that of the 
true oxide MnO. Like silicon, the manganese alloyed in 
the metal as a carbide must be oxidized largely through 
the agency of iron oxide. However, as silicon is capable 
of reducing this oxide, it follows that manganese cannot 
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be eliminated until the bath has been cleared of all silicon. 
Manganese may be considered as being eliminated coin- 
cident with the silicon following the equation 

3 FeO-f Si+Mn=MnO.SiO,-f-3 Fe 

When this silicate of manganese reaches the heavy 
lime slag, it follows the condition of the previous ferrous 
silicate, under silicon. The manganese oxide combines 
with the lime and the silica is freed as has been shown, 
ultimately combining with the lime. 

The manganese oxide will remain in the slag as- a 
free oxide as long as the slag contains an abundance of 
iron oxides. If the supply of these were to become de- 
pleted. the manganese oxide becomes susceptible to reduc- 
tion, the metallic manganese being reduced back into 
the steel. This will only happen under a reducing condi- 
tion and will be further explained under the final slag 
period. 

Ca rbo )i R ea cti o u .s* 

Carbon reacts differently from any of the elements 
previously explained. All of the combining reactions are 
exothermic and result in the formation of a solid com- 
j>ound combining with the lime to form a slag. The elim- 
ination of carbon causes an endothermic reaction, giving 
as a product the gas, carbon monoxide, CO. This rises 
up through the metal and into the slag where it is held 
in a loose or free condition. This gradually penetrates 
the slag blanket, causing a bubbling or what is known 
as the boil, which is often more or less violent. The gas 
issues from the furnace around the doors and electrode 
openings and burns with thp oxygen from the air to form 
carbon dioxide. 

FeO-fC=Fe-fCO 

CO-fO^CO, 

The operation of slagging off signifies an elimination 
of the oxidizing period and a change over to the period 
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of reduction for the purpose of finishing the heat. There- 
fore, before the heat can be slagged there are certain 
conditions which must exist. They are : 

The carbon content of the metal must be at the 
desired point. 

Manganese, silicon and phosphorus must be as low 
as is desired. 

The slag itself must be of the proper consistency 
and degree of oxidation. 

At this point in operation, the charge is melted and 
the slag has formed, resting on the metal as a thick, 
viscous blanket. The metal still is cold and heavily 
impregnated with oxides, both in combination and held 
in solution. Due to this condition the slag is jet black 
in color. It is now good practice to pul a bar in the 
furnace and clean the walls of any small pieces of adher- 
ing scrap. If there are any large bodies of scrap on 
the walls they are pried loose and shoved into the bath. 
The bar is now run over the bottom to make sure there 
are no nigger heads or bodies of unmelted metal resting 
there. If any, they must be pried loose, for if allowed to 
remain they will come up later when the temperature of 
are metal rises, projecting a large amount of oxides into 
the second slag and causing much difficulty in their 
reduction. 

Preliminarn Tests 

As soon as all loose pieces of metal are melted and 
the surface of the bath is free from floating steel, it is 
time to begin final operations. The first of these will 
cover the percentage of carbon remaining in the metal. 
A test spoon is inserted through the door and a metal 
test taken, the spoon being rotated in the slag until a 
good covering is assured, as a preventative to metal stick- 
ing to the spoon. This molten metal is poured into a chill 
mold, made of two cast iron blocks, to give a test piece 
approximately 1 inch square and 6 inches long. This 
metal will be wild, sparking heavily while being poured 
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and solidifying. There will usually be a heavy skull 
remaining in the spoon, signifying that the temperature 
of the metal is low. As soon as solid, this test piece is 
water quenched and broken. 

There are many different ways of taking these test 
blocks and cooling them down preparatory to breaking. 
Some melters prefer to chill quickly in water, some allow 
to chill slowly in water by immersing and then with- 
drawing, while others allow the piece to cool in the air 
to a black. Any method gives the same results, but it 
must be remembered that all such tests must always 
be handled under exactly the same conditions. 

This breaking is accomplished by placing the test 
bar on two rigid supports and striking with a heavy 
sledge hammer. Low carbon tests w'hen so struck emit 
a dull thud and tend to bend before breaking. This is 
especially true for carbons under 0.15 per cent. Higher 
carbons will snap off easily on the first blow. From this 
degree of bend and from the appearance of the fracture, 
the amount of carbon present is determined. If desired, 
a sample can be sent to the chemist for a check analysis, 
but ordinarily on these first tests the melter can judge 
so accurately that such a step is unnecessary. Low carbon 
tests will show a blowy appearance and the crystalline 
structure will have the appearance of having rathei* been 
torn apart than broken. The grain size of the metal 
will be large and the fracture will show fiery. 

Loivering the Carbon 

On heats of low carbon steel, this present percentage 
should not be over 0.15 per cent. If under this figure 
the heat may proceed, if not, the carbon must be lowered. 
On all such heats, melting in the basic furnace when the 
initial charge contains approximately 0.20 to 0.30 per cent 
carbon with standard amounts of manganese and silicon, 
the rust in the scrap will be sufficient to cut the molten 
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metal down to such low figures as carbon, 0.05 to 0.15 per 
cent; manganese, 0.05 to 0.20 per cent and silicon, 0.02 
to 0.06 per cent, in the great majority of cases. Under 
such conditions, the percentage of carbon is a good indi- 
cation of the amount of the other alloys present. If the 
carbon is low, it is safe to assume that the other elements 
also are low, for the reason that they tend to oxidize out 
of the metal before the carbon begins to drop. 

If a high carbon test is shown, the manganese and 
often the silicon will also be up and it will be necessary 
to add ore or some other form of oxide to boil out these 
elements. Ore should be added in amount of about 25 
pounds at a time, each addition being allowed to work 
before a further amount is added. These small lots will 
soon cause an evolution of gases as the elements are 
oxidized which give rise to the familiar boil. This bub- 
bling should be allowed to proceed slowly, but constantly 
until the carbon, on test, is low^ enough. On a 6-ton 
furnace, it will take approximately 15 minutes to lower 
the carbon 0.05 per cent, depending on the amount of 
manganese present, as this must be oxidized before the 
carbon will be attacked. 

Many shops use other materials than ore such as mill 
scale, cinder, or crushed ore, for producing this oxidizing 
condition. The author prefers ore in lumps about 2 to 4 
inches in diameter on account of its penetration of the 
slag immediately after being thrown into the bath. The 
other materials tend to float on the slag and work on 
the metal only in an indirect manner. However, this 
is merely a matter of opinion. 
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THE BASIC SLAG 

T he chemical composition of the metal being correct, 
the slag is brought to its proper condition. This first 
slag should be dull black in color, and strongly basic. 
It should be rather tough on fracture, and should have the 
appearance of a piece of lava. If too thin, more lime 
should be added to thicken it; if too thick and lumpy it 
can be thinned by the judicious use of a small amount 
of crushed fluorspar. A thin, glassy slag shows the 
presence of too much silica and may be even tending 
toward an acid slag. Such a thin slag will have no effect 
on the phosphorus, allowing this element to pass back 
into the metal. Slags in the presence of a high per- 
centage of carbon and manganese will show a dark brown 
color, this being an indication of reducing conditions. 
Such a slag must be converted into the black, lava like 
slag before it can act as a remover of phosphorus. 

Satisfactory first slags usually will follow close to 
the following analysis: Silica, 10 to 15 per cent; man- 
ganese oxide, 7 to 10 per cent; iron oxide, 10 to 15 per 
cent; lime, 45 to 60 per cent; magnesia, 4 to 8 per cent, 
and phosphorus pentoxide, 2 to 4 per cent. 

Both burned lime and limestone are finding wide use 
for building electric furnace slags, especially on the first 
slag. Burned lime has an advantage as less of this 
material is required per ton of steel, but this is obtainable 
at a slightly higher cost for the initial product. Limestone 
is much cheaper and while calcining tends to cause an 
auxiliary boil in the furnace. This tends slightly to 
counteract the power necessary for calcining. Either 
may be used during the oxidizing period with equal 
success, when working on the general classes of soft 
or medium steel castings. Limestone never should be 
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used in reducing slags or in high quality heats, due to 
the fact that one of the products of its calcination is 
the gas, carbon dioxide with one free atom of oxygen 
at high temperatures in the presence of carbon, this 
oxygen when freed recpiiring increased reduction to 
eliminate. 

Finishing the Heat 

The furnace having been cleared of the first slag, 
it is tipped back into normal operating position and ferro- 
manganese added. The amount thus added is calculated 
either fiom results of previous heats of the same scrap 
character or from the result of the chemist’s analysis of 
the preliminary test. Under general operating condi- 
tions, the residual manganese in heats of this kind may 
be closely estimated at from 0.05 to 0.10 per cent 
with a high degree of accuracy. The manganese may 
be added as calculated to the point desired, no loss being 
figured in this reducing operation. I have made thousands 
of heats of this soft carbon steel calling for manganese 
0.30 to 0.40 per cent, the manganese addition being 
calculated at O.JU) per cent based on the weight of 
the charge, with few analvses, although no chemical 
analysis was made on the i)reliminary test. This alloy 
should be broken into ])ieces the size of one’s fist and 
after being added, given a few minutes thoroughly to 
diffuse Ihroughoul the metal. 

The second or deoxidizing slag may now be made 
and added to the furnace. This .slag will consist of from 
2 to 6 per cent of the charge’s weight in lime; about 20 
to 30 per cent of the lime, crushed fluorspar and 4 or 5 
large scoops of finely ground coke. The exact compo- 
sition of this slag will defiend upon the amount of sulphur 
to be eliminated from the metal. 

Describes Finishing Slags 

The two classes of finishing slags are the ordinary 
white lime slag and the white carbide slag. 
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The white lime slag makes a compound pure white 
in color which on exposure to the air, disintegrates to a 
fine white powder. Generally, it is made of lime, coke 
and spar in the ratio of about 8 to 10 of lime, to 1 of 
coke and 1 of spar, making a slag with about 25 per 
cemt acids to about 75 per cent bases. Such a slag is 
not strongly reducing, but tends to act more as a pro- 
tective blanket for the metal than anything else. Lime is 
thrown upon the bath until there is a fair covering, when 
the slag is given a heavy dusting of coke and allowed 
to heat. If the slag appears heavy, additions of sand or 
spar may be made, spar being preferable, due to the fact 
that it furnishes a better thinning effect, together with 
its basic composition eliminating any tendency to dilute 
the basic effect of the lime slag. 

Deoxidation with such a slag is not rapid and never 
can be accomplished finally without the use of ferro- 
silicon. The oxides in the bath, under such a slag, grad- 
ually will rise to the surface as the temperature of the 
metal increases. Here they will combine with the slag, 
the oxygen being eliminated by the crushed coke. Deoxi- 
dation by this method will proceed slowly and even after 
several hours under this slag, the metal will still show 
wild. The method of operation is to bring the slag into 
such a condition that it powders on exposure to the air, 
when small amounts of ferrosilicon are added until a 
solid test is obtained when the final additions can be made 
and the heat poured. 

While the degasifying effect of such a slag is not of 
the highest quality, there is one great advantage. There 
is no appreciable carbon absorption from this slag into 
the metal. While this is important when working on 
heats of a low carbon content, it is not sufficient to over- 
come the many disadvantages, for deoxidation is too slow 
and is never certain. To really deoxidize the metal, it 
is necessary to make constant additions of ferrosilicon. 
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Such additions have as a product the non-metal silica 
which often may remain in the metal as inclusions. There 
is no certainty that oxides in solution or combination with 
the metal will be removed in such a manner. 

Ckmsequently, the use of such a slag is limited to 
the i)oorer grades of steel in which the carbon content 
must be kept low. In such a case, the amount of lime 
necessary only will have to be enough thoroughly to 

covei* the bath, 2 pei* cent of the charge being plenty. 

(\trbule Slag 

Carbide slag is used in cases where absolute deoxida- 
tion IS required, and where sulphur is to be eliminated. It 
consists of from 4 to 7 per cent of the charge as lime, de- 

lieiiding upon the sulphur content desired in th(' ttnisht'd 

metal; about -SO ])er cent of the lime as sjmr and about 50 
fiounds of coke dust. 

This slag uiioii exjiosure to the air disintegrates into 
a gray powder, giving off a strong odor of acetylene when 
coming m contact with water 8uch a slag has strong 
powcM’s in eliminating any ga.ses present. A heat of steel 
made' und(‘]' Ibis class of slag gradually will settle itself 
do\Mi, rcMpiiring a minimum of alloys to produce sound 
castings. 

VVhatevc'r type of sla 5 v is to bc‘ used, it should be 
made up on tlu' furnace platform and all lumps broken 
and thoroiiglily mixed before being added to the furnace. 
If the carbon content of the steed is extremely low and 
there is a consideralile leeway between the presemt tigure 
and that desired, it is excellent practice first to dust the 
entire surface of the steel with ground coke, and quickly 
add about half of this .second slag. Another coke dust- 
ing then may be made on the surface of the slag and the 
doors tightly sealed. 

During the period of slagging off, the bath has be- 
come covered with a scum of oxide, from the air. As soon 
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as this second slag is added to the furnace, it combines 
with this oxide and changes color from a pure white to 
a dead black. As the temperature rises and deoxidation 
proceeds, this oxide gradually is eliminated, the color turn- 
ing to a dark brown, a light brown, a gray and finally to a 
steel gray, powdering in the air. This slag will tend to 
foam in the furnace, especially around the electrodes. The 
remainder of the slag mixture now is added and the fur- 
nace allowed to run until a slag of the proper consistency 
is obtained. This slag will transmit the greater part of 
the heat to the metal below, radiation to roof and walls 
being kept to a minimum. It will not attack the banks 
and will rapidly eliminate gases and sulphur. 

At the start of reduction, immediately after slagging 
off, the metal is in a highly oxidized state, analyzing ap- 
proximately 0.08 i)er cent carbon, 0.01 silicon and 0.08 
manganese. The ferromanganese added raises this figure 
to about 0.85 or 0.49, the manganese immediately starting 
its deoxidation by combining with the iron oxide: Mn-|-FeO 
=--MnO-|-Fe. This manganese oxide, being lighter than 
the metal, rises to the surface, combining with the slag. 
This slag, due to its heavy covering of coke, is highly re- 
ducing and the manganese oxide is immediately acted 
upon : 

MnO-l C--Mn f CO 

The carbon monoxide burns at the roof ports to the 
dioxide and the manganese goes back into the bath. This 
circle of reactions is kept up until the bath is thoroughly 
freed of all oxides, when the manganese remains in the 
steel as an alloy. This reaction to take place with fa- 
vorable results requires a rbinimum of about 0.30 to 0.35 
per cent manganese present in the metal. 

The slag, when first thrown into the furnace, picks 
up a heavy charge of iron oxide from the metal itself. 
This is acted upon by the coke, coincident with the pre- 
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ceding reaction and results in forcing iron back into the 
metal : 

FeO+C=FeH-CO 

Therefore, the combined result of these two reac- 
tions is to free both the steel and the slag from their 
charge of oxides, resulting in sound metal and a powdering 
slag. 

As soon as this condition is reached, the free lime in 
the slag begins to combine with the coke to form calcium 
carbide. This first occurs directly under the arc, but 
gradually proceeds over the entire slag, resulting in the 
familiar smell of acetylene when such a slag is quenched 
in water. CaO-|-3C='CaCj-f-CO. It is at this point that 
absolute deoxidation and desulphurization begins. Whether 
manganese or iron sulphide plays the most important role 
in this, is difficult 1o decide, but that the gases and sul- 
phur are removed cannot be doubted. The sulphur is 
removed by being changed into the insoluble calcium sul- 
phide. The reactions of this elimination follow: 

FeS Fe 

[-Ca()-fC= f CaS l-CO 

MnS Mn 

3 FeS 3 Fe 

h2 (^aO^CaC.H f3 CaS+2 CO 

3 MnS 3 Mn 

FeO FeS 

CaS-l \~CixO 

MnO MnS 

This presence of calcium carbide, with its attendant 
acetylene, thus is shown to be a sure indication that the 
bath is deoxidized, but under no condition should a heat 
be poured on this proof without taking a final metal test. 
On a low carbon steel, it often is impossible to keep a 
heavy covering of coke, due to the carbon being accessible 
to combination in the metal. In a case of this kind, w^hen 
working under a rigid specification, sulphur may be re- 
moved by the use of silicon. This is another reason why 
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about 0.05 to 0.10 per cent silicon always is added in the 
working of low carbon steels before a solid test is ob- 
tained. The reactions follow: 

2 FeS 2 Fe 

j 2 CaO I Si^-- f 2 CaS-[-SiO. 

2 MnS 2 Mn 

2 FeS 2 Fe 

1 2 CaF.^-Si-^ 4 2 CaS | SiF. 

2 MnS 2Mn 

This last reaction is made possible by the addition of 
fluorspar to the slag, the silicon fluoride being given off as 
volatile matter. The aniount of silicon necessary for these 
reactions is close to the theoretical amount, but a slight ex- 
cess alwavs should l)e provided as these reactions will take 
])lace onlv after the deoxidation of the bath. Tal)le XVTll 
shows analyses of flnished basic slags. 


Tabh- Win 



Anaiosks ok Finished Uasic Sdaijs 




1 


4 1 

.5 

0 

7 

8 

Siliea 

17 r)7 

7 18 

12 70 11,50 

10 .50 

20 .50 

18.00 

21 00 

Iron oxide 

\.:\A 

0 Art 

0 10 0.41 

1 00 

0.71 

0 40 

0 ,52 

Aluniina . 

A 12 

2 17 






Lime 

02.15 

or, 82 

(,7.4H 08 10 

00 

(M 01 

01.11 

,5.5 .54 

ManR'ani'.se ox 








ide 

0 40 

0 or. 

0.2.5 0 20 

0 00 

0 01 

0.42 

0 40 

Mri” nesia 

1 1 or, 

1 ;i 78 






(’aleiuni siil- 








filiiile 

0 87 

2.20 






f'aleium ear- 








hide 

None 

1 f)! 

2 20 .4.10 

1 40 

1 48 

.5.00 

.5 1 

Sulphiii 



0 12 0 ,50 

0.88 

0 84 

1.17 

1 .00 

1 and LJ. 

“Deoxulation , 

and ilesulphui ncation 

in the 

lleroult fur- 

naee ” F T 

Sisco “('heinii 

al and Mi'ta 

llurg'iea 

1 Fn^ineerinii:’ 

’ .Tan 

1, 1!)122 No 

1 beinji: 

for a 

white slaj^ and No : 

2 beirif^ 

for a 

white 


caihidc* .sla;*. 

Othe*rs I loni author'.s note.'-, the change in .malysis dept'iidmu 
upon the dejrree of desul])hni i/ation a.s (‘\ idi'Uec'd by lenjrth of 
time Uu' heats were held undei this earbide shifr Nos. ,*>, 4, 5 
and () vve»-(> on .steel eastinp: heats, while 7 and 8 W(‘n‘ tal>en from 
heats makinj*: forf.i'in^- steel for loeomolive diive rods 
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Elimination of Sulphur 

Elimination of sulphur depends upon two variables; 
the amount of the carbide slag present and the time held 
under its influence. Therefore, to save time, it is possible 
to eliminate a stated amount of sulphur by adding larger 
volumes of slag. Such a procedure is naturally an econ- 
omic feature, but there are certain limits above which 
the slag volume should not go. This figure may be set 
roughly as 7 per cent of the weight of the charge lime, 
amounting to a total slag e(jui valent to about 10 pei* cent 
of the charge in weight. Any amount above this point 
only results in delayed and costly operation. 

In the elimination of sulphur certain points must be 
remembered and taken into consideration. To obtain a 
maximum of calcium carbide in the slag, the temperatures 
must be kept at a high figure, conse(iuently the depletion 
of sulphur in the rnetal proceeds rapidly and care must be 
taken that th(‘ metal is not heated to such a figure as 
would cause trouble when poured. Of course, the anti- 
dote for this is to hold the metal in the ladle a certain 
time before iiouring the molds, a point which constitutes 
good practice under any condition. 

Then, too, this desulphurization will not commence 
until the heat has been thoroughly deoxidized and cannot 
be forced by doping the metal too heavily with silicon and 
aluminum. As this pow'er depends upon the density of 
the lime slag, constant additions of lime and spar wall 
be necessary as desulphurization proceeds, to keep th(' 
.slag always in a rathei* thick, foaming condition. Th(' 
efficiency of such a slag as a deoxidizer is lowei-ed as th(‘ 
sulphur ])ercentage ri.ses, con.scMpiently it is mandatory 
that both a low' sulphur lime and coke should be used 
for these operations. The maximivm amount of sulphur 
capable of being eliminated in this manner is probably 
about 0.08 to 0.12 per cent from the .steel, wdth a .slag 
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volume not exceeding 10 per cent of the weight of metal. 
It is comparatively easy to reduce sulphur down to ap- 
proximately 0.015 to 0.020 per cent, but to obtain lower 
percentages than these requires long tedious working, 
even though the initial sulphur was not over 0.050 per 
cent. However, there is no doubt but that for general 
purposes a steel with sulphur of not over 0.025 is as 
good as one with a sulphur of under 0.01 per cent so 

Table XIX 

Sulphur Content Without Fluorspar 


Carbon 

Analysis of metal 
Manf^anese 

Phosphorus 

Sulphur 

Sulphur 
in slag- 

T)i.5tributi( 

Coefficic: 

0.12 

0.50 

0.04 

O.OC 

0.14 

2.3.3 

0.12 

0.47 

0.0.3 

0.08 

0.27 

3.37 

0.12 

0.50 

0.07 

0 08 

0.19 

2.37 

0.11 

0,53 

0.05 

0.09 

0..31 

3.77 

0.08 

0,5.3 

0 04 

0 09 

0.35 

3.90 

0.11 

0.,53 

0.06 

0.08 

0.20 

2.60 

0.10 

0.44 

0.04 

0.08 

0.20 

3.25 

0.1(5 

0..50 

0 0.3 

0 09 

0..32 

3.50 

0.09 

0.44 

0.04 

0.09 

0..30 

3.3.3 


that this added desulphurization usually is not necessary 
nor required. In general the average amounts of sulphur 
eliminated by holding one hour under a perfect carbide 
slag will approximate from 0.020 to 0.050 per cent, de- 
pending upon the initial charge and miscellaneous condi- 
tions of refining. 


Using Fluorspar 

In the early days of electric furnace melting, sand 
was used exclusively to thin up the slag during the finish- 
ing, but of late years this ' practice has been superseded 
in the great majority of cases by the use of either crushed 
or gravel fluorspar. This is a natural mineral, usually con- 
taining over 80 or 85 per cent of calcium fluoride, the 
remainder being silica, iron oxide, calcium carbonate, etc. 
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It was noticed early in its use that excellent results were 
obtained, not only on thinning a slag, but from its ability 
to keep the slag strongly basic, even though thin enough 
to run like water. It also was noticed that when used, 
lower sulphurs wore obtained than when it was not 
present, this being explained by the fact of its keeping 
the slag so basic. 

Recently a paper on this subject appeared in Stahl 
und Eisen by S. Schleicher, which appeared in 1922. This 
is so important that it should be given adequate space 

Table XX 

SUH'HITR CONTONT WlTH FlUOUSPAH 



Analysis of metal 



Sulphur 

Distribution 

Carbon 

Manganese 

Phosphorus 

Sulphui 

in sla^ 

Coelficient 

0.10 

0.38 

0.02 

0.05 

0.32 

0.40 

0.13 

0 47 

0.03 

0.05 

0.32 

6 40 

0 08 

0.32 

0.02 

0 04 

0 30 

7.50 

0.17 

0.50 

0.05 

0 00 

0.38 

6.30 

0 15 

0.47 

0.02 

0.0 : 

0.20 

6.50 

0.13 

0 11 

0 00 

0 05 

0 30 

6.00 

0 12 

0.53 

0.04 

0.03 

0.20 

0 00 

0.12 

0 41 

0 02 

0 05 

0 33 

6.00 

0 12 

0.47 

0.03 

0.00 

0.30 

0.00 


and while the results were those obtained on open hearth 
work, the principles involved are directly applicable 
to the electric furnace and go a long way to explain 
certain well known phenomena. Mr. Schleicher says: 

In Table XIX are shown the results with nine heats 
made from material extremely low in manganese and high 
in sulphur and in the working of which no fluorspar was 
used. The last column shows the sulphur distribution 
coefficient and is obtained by dividing the sulphur con- 
tent of the slag by that in the steel. In other words, i^ 
shows the rate of the sulphur in the slag to that in the 
steel. 

The distribution coefficient lor these nine heats 
averaged 3.15. Table XX shows what a different result 
is produced when fluorspar is used and given the analyses 
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of nine, 30-ton heats, as before, using the same lime 
charge, but with the addition of 882 pounds of fluorspar. 

The coefficient of these nine heats is considerably 
increased and averages 6.50. The steel of the first nine 
heats averages 0.08 per cent sulphur, which is above the 
allowable limit, while with the last nine heats it averages 
0.05 ])er cent. The addition of fluorspar brings about a 
noticeable increase in the distribution coefficient and a 
decrease of the sulphur in the steel. 

After the addition of fluorspar; the slag becomes 
very fluid. If the outgoing gases are conducted through 
water, the well known jelly-like pi'ecipitate of silica is 
formed which is always produced when silicon fluoride 
is passed through water. The spar has therefore reacted 
with the silica of the slag, silicon fluoride being given off 
as a fume, and lime formed according to the ecpiation: 

2 Ca FI, H SiO, = SiFl, + 2 CaO 
As silicon fluoride is formed, the calcium fluoride or 
flu()rs])ar contents of the slag must decrease. This is 
shown by the following results, the first sample being 
taken immediately after solution oi the fluorspar; that 
is, 10 minutes after addition, and the other samples at 
10-minute intervals. The exact results of sulphur deter- 
minations in the steel and calcium fluoride in the slag 
were as follows: 

Sul])hur, per cent 

0.110 0 070 0.071 0.070 0.063 0.056 0.052 
Calcium fluoride 

6.03 1.10 3.40 2.27 2.00 2.21 2.00 

This shows that the decrease of the calcium fluoride 
only goes on to about 2.00 p(*r cent, the samples taken 
during the last 30 minutes agreeing within allowalile 
errors of analysis. 

Seven finishing slags from seven heats in which 
fluorspar was used were then analyzed, as follows: 


Calcium fluoi idc 

Fluorine 

Per cent 

Per cent 

2 58 

1.20 

2.-10 

1 17 

2.14 

1 10 

2.:i() 

1.12 

2,l() 

1 05 

2 48 

1.20 

2 00 

1 00 
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Here also, with sufficiently long working, the calcium 
fluoride content of the slag is reduced to 2 to 2.25 per 
cent and then remains practically constant. Whether 
the fluoride was all present as calcium fluoride or in some 
other form, was not determined, but the assumption made 
was that it was as calcium fluoride. 

Up to now it also has been assumed that desulphur- 
ization, when fluorspar is used, was brought about by 
the slag being made more basic and yet remaining fluid 
enough to permit a good reaction. The following i*esults 
will show that desulphurization cannot be laid to this 
cause. The linishing slags of two similar heats, one 
made without fluorspar additions and the other with 
fluorspar are given in Table XXI. 


Table .\XI 

()rK\ ilKARi Si A(js W ith and Withodt Fliiokspai: 

Without spar Whth spar 



Slag 

Steel 


Slag 

Steel 


poi c'onl 

per 

cent 


])er cent 

per cent 

S\0 

1 f) 20 

(’ 

0 16 

SiO 

10.68 

C 0.12 

Fc‘(). 


Mn 

0.50 

Fe.O, 

2.S0 

Mn 0 41 

Feb 

S 1 1 

P 

0 08 

FeO 

11.57 

P 0.02 

AI.O, 

2 M 

s 

0 00 

Al (), 

8.80 

S 0 06 

IVInO 

r)4i 



MnO 

5.08 



4.70 



PO. 

2 02 


CaO 

to 00 



( aO 

45 OK 


MgO 

S 

1 2.07 



MgO 

1 55 


.82 



s 

.41 


(’aF, 




C’aF, 

2 20 


s (\)oir 

:? 50 



S. ('oeir 

7.80 



Tubic XXII 


Percentage Range of Elements with Fluorspar Additions 



The basicity of the two slags exyiressed as the ratio 
of the oxygen of the bases to that of the acids is 1.67 in 
the first case, 1.30 in the second and yet the distribution 
coefficient in the first case is 3.50 and in the second 7.30. 

To obtain conclusive information, the following 
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experiment was carried out: A 60-ton heat was taken 
and while working down, 4409 pounds of spiegeleisen was 
added. In half an hour the manganese was worked out 
and the bath was in such a condition that about half an 
hour’s work with the finishing slag was required. An 
addition of 1984 pounds of fluorspar was made, the spar 
containing 95 per cent calcium fluoride. Samples of 
metal and slag were taken as shown in Table XXII. 
Especially striking is the fact that the silica does not 
decrease, but increases notwithstanding the fact that the 
calcium fluoride reacts with the silica as shown by the 
white smoke from the chimney after each addition. 

To investigate the matter further, samples were taken 
from another heat giving results as follows: 


Test 

■ Time 

S:lic*a per cent 

1 

10:28 

17.23 


10:;^0 

1764 lb. spar added 

2 

10:33 

17.05 

3 

10:37 

16.18 

4 

10:43 

17.08 

5 

11:13 

17.70 


This heat also shows the silica drops during the first 
seven minutes but then again increases. The slag takes 
up silica which must come from the furnace lining and it 
must be mentioned that there is a marked destruction of 
that part of the hearth and walls coming in contact with 
the slag. Through the fluorspar addition the slag has not 
become more basic. The sulphur in the bath, Table XXII, 
is lowered from 0.081 per cent to 0.064 per cent and then 
0.060 per cent. However, the sulphur is not increased 
in the slag, but is decreased and to a greater extent than 
is accounted for by the dilution of the slag by the spar 
additions. The same results were shown by another heat 
as given as follows : 



Sulphur in steel 

Sulphur in slag 

Time 

per cent 

per cent 

10:55 

0.081 

0.233 

11:00 

1764 pounds of spar 

added 

11:20 

. 0 060 

0.165 

11:40 


0.182 

12:12 

0.042 

0.220 

12:13 

Heat tapped 



A careful balance of the sulphur in the heat given 
in Table XXII shows that 40.54 pounds were volatilized. 
A test was carried out several times of taking outgoing 
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gas from the furnace between the port and the air regen- 
erator, through a water cooled pipe and bubbling through 
potash solution. The average showed 0.22 grams sulphur 
per cubic meter and theoretically there should be 0.213 
from the producer gas. Similar tests were made after 
the addition of fluorspar, but this method did not show 
an increase in the sulphur content of the gas. This shows 
that the sulphur is not in the form of the trioxide, SO 3 
but there is the possibility of a fluoride being present, 
such as for example, SFl. There is a possibility that 
such a compound would be precipitated by the low tem- 
perature of the water-cooled pipe so the gas was sucked 
hot through a porcelain tube and it was found that more 
sulphur was absorbed. The gas contained 1.966 grams 
per cubic meter and as 0.22 grams came from the pro- 
ducer gas, the remainder, or 1.766 grams, was volatilized 
from the slag. The amount taken for the test was 10 
liters and the time was the seven minutes immediately 
following the fluorspar addition. 

The conclusions drawn from the paper are: 

If fluorspar is added to an open-hearth slag it is 
only decomposed and reduced to a certain limit, namely, 
from 2.0 to 2.5 per cent of calcium fluoride content. Silica 
is first removed from the slag as silicon fluoride, but 
immediately is replaced by silica from the furnace lining. 
Fluorspar is desulphurizing in its action in that sulphur 
is volatilized from the slag in some form, allowing the 
slag to absorb a further amount of sulphur from the steel. 

WorJdng the Heat 

When the final slag first is added to the furnace it 
tends to cake, due to its chilling effect upon the already 
rather cold metal. In about five minutes after adding 
the first portion, this slag should be well rabbled, and 
the remainder of the slag carefully dusted over the entire 
bath. In about 15 minutes it will have become molten, 
but on taking a test will show heavy and black. Further 
additions of coke dust can be made, and slag tests taken 
at short intervals. As soon as the metal begins to heat, 
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and deoxidation commences, this slag will turn to a brown 
color, and become rather porous in texture. Further 
reduction will change it to a light brown, then a dark 
gray, and finally into its proper powdering condition. 
During this period the slag should be rabbled occasionally 
to overcome any tendency to cake, and to assure of all 
the slag passing under the direct force of the arc. 
According to the consistency, additions of either lime, 
spar or sand may be required. 

Slag too high in lime has a lumpy appearance in the 
furnace, the coke showing plainly on its surface. When 
poured and (juenched in water, the test will show a light 
color, but will be thick and lumpy. Under these condi- 
tions it is hard for any entrapped gas to escape, and 
such slag will hold back the com])letion of the heat in 
a serious manner. A few small additions either of fluor- 
spar or sand will rapidly thin such a slag and transform 
it into an excellent foaming slag, powdering on exposure 
to the air. Fluorspai* is more beneficial than sand, due 
to its bettor power of desulphurization. A slag which 
comes up thick is benehcial from all points. It is a good 
carrier of heat and transmits most of the heat received 
from the air into the metal with a minimum of radia- 
tion. It has |)oor powers of reflection, and is easy on the 
roof and walls. Such a .slag will not coi’rode the banks, 
and is heavy enough to obviate any tendency of the coke 
entering the metal and I’aising the cai'bon. 

Slags Too Thin 

A thin, watery slag will reflect the heat badly to the 
roof and walls, resulting Jn a badly burned lining, will 
not heat the metal beneath, and will allow the carbon from 
the coke to contaminate the metal, resulting in a high 
analysis. Such a condition is caused by indiscriminate 
additions of sand, due to carelessness or a mistake in 
calculation, and immediately should be remedied by addi- 
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lions of lime. This quickly will thicken it, and bring it 
to its proper consistency. Such a slag has absolutely no 
powers either of deoxidizing or desulphurizing, and only 
results in delaying the heat, and cutting the banks. Such 
a slag may even pass over into one of acid composition, 
due to silica dropping from the roof and walls. A slag 
of this character will show either a whitish or a light 
blue, and will have a crystalline a])pearance when frac- 
tured, having something the appearance of glass. 

Often, due to hearth troubles, the slag may become 
contaminated with magnesite either from the bottom or 
the side walls. This will result in a pasty heavy slag 
which it is impossible to clear. The only i*emedy for this 
is to make heavy additions of white sand and fluorspar 
until this heavy slag body is thin enough to pour. This 
slag should be drained from the furnace, and another one 
made. A sample of such a slag when water (juenched and 
broken will have an appearance similar to por'celain, and 
will be str('ng and tough. Its color will run from a heavy 
black to a dii-ty, blue gray. It never can be converted 
into a tiiiishing slag, and any metal poured under such 
conditions will never be of a suitable quality ])ut will 
r(‘(iuire h(*a\y (lo])ing with aluminum to set (juietly, and 
in the niaioi'ity of cases will pour wild. Due to its dis- 
solved oxid(‘, such a steel will contain a large, amount of 
ci'acks, 1('ai’s, and inclusions all of which mitigate against 
its (|uality. If ])ossible, th(‘ best thing to do wdth such 
a heat is to ])our it into .some cheap grade of bar stock, 
brakeshoes, sash w eights, eti . However, in tin* ordinary 
shop such a recourse is seldom pos.sible, and th(i heat must 
be tinished under another slag. 

Heavy additions of ground ferrosilicon sometimes 
will aid gr(*atly in clearing such a slag, and at the same 
time assist in the elimination of ga.s. 

In finishing a heat, a slag often will refuse to clear 
uj), regardless of the amount of coke added. Such a 
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condition is frequently met, especially in making steels 
of, low carbon and alloy content. In such a case, the 
melter must resort to the use of silicon to act as his 
deoxidizing agent. This is crushed fine and dusted over 
the slag, especially under each electrode. The immediate 
result will be a thinning of the slag, requiring more lime 
to keep in its proper condition. The slag will react quickly 
to such a treatment, turning a lighter color immediately. 
If the lime is added properly with sufficient spar to 
prevent caking, the slag will quickly turn into one of a 
proper carbide nature. 

Working a slag properly is a subject which is hard 
to describe, for the reason that it is seldom that the same 
set of conditions are found. Each much have a special 
treatment to obtain the desired result in the minimum 
of time. Certain points may be mentioned. In the addi- 
tion of either lime, spar, or sand, do not add a large 
(juantity at a time, but distribute the addition over a 
period by adding small lots periodically. This will elim- 
inate any over addition requiring a working back, with its 
lost motion. It also is good practice to rabble the heat 
well after each addition to mix thoroughly the ingredients 
with the slag. Tables 8, 9 and 10 in the Appendix give 
data on the manipulation of various types of slags. Take 
plenty of slag tests, and keep right after a heat with as 
little lost time for each operation as possible. 

Assuming that the slag is in its proper carbide 
state, there is only the one remaining step of finishing 
the metal before pouring the heat. This consists of three 
main points: Solidity, proper composition, and right 
temperature. 

Deoxidizing the Metal 

The slag being perfect, foaming slightly, and pow- 
dering in the air with an evolution of acetylene on 
exposure to water, the heat is given another heavy dusting 
of coke. Coke does not have to be used in this con- 



The Basic Slag 


135 


nection, anything furnishing a high enough carbon for 
perfect reduction such as coal, gas coke, or charcoal 
being eminently satisfactory. However, there is always 
a good supply of coke firies on the market, which may be 
obtained much cheaper than any of the other materials 
mentioned. The doors now are sealed tightly with a clay 
mud, or with fine lime if they are tight fitting. Heavy 
flames of a soft, luminous character, and of a similar 
character to those from burning oil, will now come from 
the furnace through the electrode openings. Soon the 
furnace will begin to snow, or give off a heavy soot, due 
to the intense reduction, which will tend to collect on the 
water cooled roof glands, gradually closing the opening. 
As soon as this occurs the furnace is under a perfect 
reducing atmosphere, and the metal rapidly will be freed 
of both gases and sulphur. If a certain amount of sul- 
phur is to be eliminated, the metal will have to be held 
until this is accomplished. If not it is safe to proceed. 

Keep the Doom Closed 

During this period it is well to caution against the 
constant opening of the doors of the furnace to take 
needless slag tests, allowing large amounts of oxygen 
containing air to entei* the furnace. The author has seen 
perfect carbide slags thrown back to a dead black by 
such a careless procedure. It is always well to keep 
an excess of coke on the slag to prevent any turning back 
when it is necessarj^ to take a test. 

A metal test taken should now show solid or nearly 
so. If not, a small amount of ferrosilicon, figured to 
0.05 per cent, should be added, and the doors again sealed. 
Another test taken in about 5 to 10 minutes in all prob- 
ability will show sound metal. If still blowy, the same 
action should be repeated until an p,bsolutely sound test 
is obtained. Care must be exercised to keep the slag in a 
rather thick condition during this period as the additions 
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of silicon have a tendency to thin the slag to a point where 
it loses the greater part of its reducing powers. Such 
a test at this point should have an analysis of approxi- 
mately 0.15 to 0.18 per cent carbon; 0.35 to 0.10 per 
cent manganese; and 0.05 to 0.10 per cent silicon. 

Dcterminivy the Poaring Temperature 

Proper pouring temperature for a heat of casting 
st(‘el is one of the most important features in electric- 
furnace operation. In the commercial shop, of)erating a 
3-ton furnace, a wide variation will be noted during a 
week’s run. On one heat, for instance, two or thrc^e 
castings wu'll take the entire output, while on the follow- 
ing heat 3 tons of metal may pour 50 flasks. (V)nse(juently 
there are innumeralde combinations, each recpiiring metal 
of a different temiierature. 

Naturally the metal must be sutliciently hoi to 
(‘nal)le it to run whatever class of casting is being made*: 
it must be hot (mough to pour the entire heat withoul 
skulling the ladle, (’onversely, it must not be too hot as 
tills implies a waste of pow'er, and results in so scabbing 
and burning a casting that the lime necessary for clean- 
ing is unduly prolongc'd. While it is pcu’fectly true that 
metal poured cold is of a bcttei- ciuality than that iioured 
at higher temperatures, the point must be considered 
that in a foundry all oiierations must be cai’ried on al 
the most economical ba.sis, consistent wilh specified 
(luality. 

The proper temperature at which to jiour a certain 
heat is a strict matter of exiierience, and due to the 
many variations, there can be no rule set for this opera- 
tion. However, many different methods are in use at the 
present time for determining comparisons in tempera- 
ture. Roughly speaking they may be classed under four 
main headings; The rod test, the skin test, the pour 
test, and the use of mechanical instruments or pyrometers 
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The skin test consists of withdrawing a spoon fulJ 
of metal from the furnace, and noting the time, by watch, 
taken for the metal to skin over with the oxide scum, 
denoting the beginning of solidification. The test time 
for ordinary work, usually is 30 seconds, anything less 
denoting cold metal, while above this time is an indica- 
tion of hot steel. 

The rod test is made by inserting a rod into the steel 
for a specified time and withdrawing it quickly. The 
manner in which the point of the bar is burned denotes 
the temperature. If the rod is cut off short, the metal 
is hot; if cut off tapering the metal is medium, while if 
the rod is uncut or skulled the metal is cold. The rod 
must be left in the metal the same number of seconds for 
(‘ach test, and must be of the same size, or results will 
not show a true comparison. 

The pour test is made by taking a spoon of metal, 
skiniming otf the slag, and noting with the eye the man- 
ner in which the st(*(‘l pours over the lip of the spoon, 
and th<‘ time necessary for this metal to solidify in a chill 
mold. The degree of coldness can be judged by the skill! 
left in the siioon, nielal which is fairly hot iiouring clean. 
Experience will show how much superheating is neces- 
sary aho\e the ])oint of a clean pour. This tost gives 
as good, if not b(‘Uer ivsulls than the others. A few 
ti’ials soon will show the melter how his metal is run- 
ning, and he can assume safely that the metal wall jiour 
from the ladle in tlie same manner it poured from the 
K])oon. 

All of these tests are at the most only ])oor meas- 
urements of the actual temperature of the steel, as so 
many diflerent jioints may change the result. The con- 
dition of the slag, the initial heat of the s])oon before the 
metal is dipped, the amount of slag covering on the 
spoon, and the surface of the spoon’s contents, the posi- 
tion from which the test is taken, etc., all are changing 
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conditions which interfere with the accuracy of the tests. 
It may be said that the tests always should be taken in 
exactly the same manner to be in any degree reliable. 
Certain conditions such as the following should be followed 
closely to observe standard results: 

A cold, or nearly so, spoon, should always be used. 

It should be well rotated in the slag before dipping. 

The test always should be taken from as close to the 
exact center of the furnace between the three electrodes, 
as it is possible. 

The slag should be skimmed off as soon as the spoon 
is withdrawn from the furnace. 

More accurate tests such as those made with pyrom- 
eters have not been accepted by the entire electric fur- 
nace fraternity for several reasons. Couple pyrometers 
require constant checking, and adjustment and may be 
off when needed. Further it is difficult to obtain any 
kind of a couple to stand the high heats of the furnace. 
Optical pyrometers are difficult to use, due to the inability 
to obtain proper black body conditions, but have been 
used for experiments directed upon the stream as poured 
from the furnace and ladles. However, as this is too 
late, if the temperature is wrong, it is generally of little 
use. All this extra equipment, and the proper care of 
same over a period of time, costs money. 

Checking temperatures in steel making rapidly is 
beginning to assume importance, as it is recognized that 
the heat of the metal is a point of the greatest consid- 
eration if the highest results are to be obtained regularly. 
Experiments are being carried on daily with this idea 
in mind, and it is reasonable txj assume that someone 
shortly will bring forth *some simple instrument which 
actually will work under the changing conditions of the 
electric furnace. 

Completing the Heat 

The metal being solid, and hot enough to fill the 
necessary requirements, it is now the proper time to begin 
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to adjust the metal to fill its specifications. If any more 
manganese is required it is added, as is the remainder 
of the silicon, and after about five minutes the heat may 
be tapped. This is the most simple case, but is one which 
is seldom found in regular operations, the carbon usually 
requiring some slight adjustment before the pour. 

If the shop has a chemist, a sample should be sent 
to him as soon as the first solid test is made. It will 
take approximately 15 minutes to run a carbon and a 
manganese, and during this time the metal is being 
brought to the finishing temperature. From his analysis 
the required amounts of any further additions may be 
calculated, and the materials laid out. It can be assumed 
safely that the silicon content will be about 0 15 per cent 
on the first solid test, and any further additions of this 
alloy can be made on this basis, allowing about 10 per 
cent for loss. Manganese may be figured straight, the 
loss of this element being negligible. In bringing the 
cai-bon up many methods are in vogue. Pig iron may be 
used; coke, coal, or other carbonaceous material can be 
added and well rabbled through the slag; the electrodes 
can be dipped into the metal and carbon taken from 
them. 

For heats where close analysis is required, pig iron 
will give by far the best results, a low phosphorus, low 
sulphur iron being used, and given time thoroughly to 
assimilate in the steel bath. Coke or coal, if thrown 
directly under the electrodes will generally enter the bath, 
figuring about 50 per cent effective. The use of elec- 
trodes is not favored due to the cost, and to the many 
variables changing the amount dissolved. Regardless 
of the method used, a final test always should be taken, 
and the carbon judged either by fracture or analysis. 
As soon as the metal is ready the ladle is called, and the 
heat poured. 

If a heat of steel is poured without some device being 
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used to hold the slag back, the metal and slag when enter- 
ing the ladle will be churned together, and the usual result 
will be that particles of slag will become trapped in the 
steel, later coming to light as inclusions in a finished 
casting, often resulting in its loss. These inclusions are 
not always visible. Steel may contain non-mctallic inclu- 
sions even though they be too small to notice with the 
eye. These often cause castings to crack. They are a 
great aid to forming centers of segregation ; and seidously 
interfere if the castings are to be heat treated. 

Naturally, some method must be used to hold back 
the slag until the metal is in the ladle. The best of these 
is the skim gate, which is made by building a box like 
affair on the spout, with a small opening near the bottom 
of the front side. The furnace is (piickly tilted, the slag 
pours up over this opening, and the steel underneath 
runs into the ladle from this aperture. As soon as the 
steel is out, the slag will then run foi*lh to foian its 
covering for the ladle. Another method often used is to 
throw enough lime into the furnace in fi’oni of the spout 
to thicken the slag at this point. This holds back the 
body of the slag until the furnace is nearly free of steel, 
when this thick barriei- can be iiulled loose with a hook 
allowing the slag to fiour forth. 

The author has found in ])ouring basic steel that if 
about 1 pound of tinely crushed fluor.spar ))er ton of metal 
is thrown into the stream of steel, during pouring, it 
greatly aids in bringing up any entrapped slag, by com- 
bining with it and so lowering its melting point, and vis- 
cosity, that it quickly rises to the surface. 

Adding AlUrg.^ to the Ladle 

Many shoi)s, operating the basic furnace, make a 
])ractice of adding their final silicon as well as their final 
carbon in the ladle. Often a small amount of manganese 
also is added. The author is a firm believer in making 
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steel in the furnace especially on basic operation where 
all points favor such a practice. Coke added to the ladle 
never is effective, and its degree of absorption only can 
be guessed by the roughest of estimates. Other means 
of raising the carbon such as graphite flakes on the ladle 
bottom, carburite, anthracite coal, etc., similarly are to 
be avoided as results under such circumstances will ))e 
irregular at the ])est. 

Manganese added in the ladle cannot have the neces- 
sary time thoroughly to mix with the metal before being 
poured. This results in hard spots in the castings, and 
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poured at a low, or medium temperature, and has l)(^en 
l)i-oved many times by closely checked expt*riments. In 
one pailicular instance, a heat of steel was poured into 
several nests of ingots for rolling purposes. Practicall.N 
all rolled line with the excei)tion of thiee or lour which 
were so bi’ittle that they broke Avhen dropi)(‘d on the mill 
floor. Analysis showed slightly over 4 per cent mangan- 
ese in these faulty bars. While this is an (‘xtreme case 
it only goes to drive home the lengths to which such segre- 
gations may go. 

The addition of ferrosilicon to the ladle is widely 
practiced, but has no points which wouhl recommend it. 
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In the first place, its addition will only dope up the heat. 
There is the same chance of improper mixing, and the 
greatest disadvantage is in its tendency to go into the 
slag to form an acid condition. The effect of such an acid 
slag condition will be to cause a heavy sulphur increase 
as the pouring progresses, due to the inability of the slag 
to hold its sulphur content. As all basic slags tend to go 
acid as the pouring pi-ogresses, due to the severe slagging 
action of this heavy lime slag on the acid ladle brick, this 
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further acidity caused by silicon only enhances such 
action. 


Discourages Ladle Additions 

Some analyses illustrative of this point are given 
by Henry William Seldom in the Blast Furnace and Steel 
Plant of September, 1921. These are shown in Table 
XXIII. 

These tests, while made on the open hearth furnace, 
are extremely good illustrations of the course of different 
heats when ladle additions are made. In electric furnace 
work the change in the phosphorus content would not be 
so noticeable, but it is probable that there would be a 
much greater change in the sulphurs, due to the greater 
amount carried under the electric furnace slag conditions. 
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Final Deoxidizers 

During the past ten years there have been a large 
number of patented final deoxidizing compounds placed 
on the market, their avowed purpose being to eliminate 
the last trace of gas from the metal. They have been 
composed of every coiiceivable metal, but in the main have 
been metals with a high alfinily for oxygen, such as man- 
ganese, silicon, calcium, magnesimn, and aluminum. The 
latter has been in use for many years, and still is used 
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widely. Most of the patent alloys have been discarded, 
leaving the field to two main metals, aluminum and ferro- 
titanium, or as it is called ferrocarbon-titanium. While 
aluminum has an intense action in eliminating gases from 
steel, and promoting solidity, it has several great disad- 
vantages. Properly made electric furnace steel does not 
rcMiuire the use of any such expedient to make it sound. 
The use of aluminum greatly increases the shrinkage and 
is likely to cause trouble in the casting from this reason. 
Further the product of the combination of aluminum with 
oxygen is the solid alumina, which may remain in the 
steel as non-metallic inclusion, and later may prove to be 
the starting point for a defective casting. Therefore its 
use is adding an undue cost to the foundry, and is tend- 
ing to lower the quality of the metal produced. In extreme 
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cases, its use is mandatory, such as where a heat starts 
to go wild in the ladle, or when furnace trouble causes a 
heat to be tapped to save the furnace bottom. 

However, titanium is a different proposition and its 
use is to be recommended. There are countless shops 
over the country who are making wonderful steel with- 
out the use of titanium, and there are others who make 
regular use of this alloy. Its use however and whenever 
used will always increase the quality of the steel, and it 
can be considered as a help with no disadvantages out- 
side of its increased cost. This metal, titanium, in addi- 
tion to its affinity for oxygen, has a strong affinity for 
nitrogen, and it is probable that a great deal of its value 
lies in the elimination of this gas from the metal. In com- 
bination it tends to form the nitride, or the oxide, both of 
which have low melting points and rapidly clear them- 
selves from the steel by rising and entering the slag. 

Both of the above should be added to the ladle after 
all the other alloys have been allowed to expend their 
deoxidizing power. The best manner to add these final 
alloys is in small sized y^ieces thrown in the furnace spout 
as the metal is running out. The metal carries them with 
it and as they melt they are thorougldy mixed by the 
churning of the steel. 

As soon as the steel is in the ladk*, and the slag be- 
gins to flow, several large scoops of lime are thrown in 
and mixed with this slag. This tends to thicken the slag 
and so lower its viscosity that it will, only with difficulty, 
combine with the brick lining. In addition, it furnishes 
an extra amount of a strongly basic material .sufficient 
to overcome any slight tendeiicy of the slag going acid 
through any such slagging action. This lime causing the 
slag to harden and thicken, has another advantage in 
that it tends to form a heated roof to the ladle, and saves 
a large amount of heat in this manner. 

When all of the slag has entered the ladle a heavy cov- 
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ering of ground coke is added to prevent any oxygen from 
the air combining with the slag and tending to turn it 
back into an oxidizing condition, and causing the heat to 
go wild as pouring proceeds. 

The One Slag Basic f^roccss 

Previous portions of this chapter have covered basic 
practice in detail where it is intended to remov^e both phos- 
phorus and sulpuhr. A modification of this process finds 
wide use. A great part of the present day scrap metal 
is that which has come from the basic, open-hearth fur- 
nace and naturally is low in phosphorus. Using such a 
mixture there is no necessity for the added cost caused by 
removing any phosphorus, as such metal usually will con- 
tain this element in amounts of under 0.04 per cent, and 
the standard steel castings allow at least 0.05 per cent, 
giving a sufficient leeway to allow for any ])ickup due 
to shrinkage of the charge. Naturally this has resulted 
in shortening the basic firocess, known as the one slag 
lirocess for making steel. 

In making metal under the one slag process for basic 
steel, the scrap is charged in (‘xactly the same manner, 
bill no lime is added with the charge. As soon as the 
metal begins to melt sutlicient lim(‘ is addl'd to enable the 
arc to ])ull a steady load, and to allow enough of a blanket 
on the metal to overcome any excessive loss of heat due 
to radiation. As soon as the heat is almost melted, the 
steel IS given a hea\y dusting of coke, and the second slag 
added exactly as before described, small portions being 
added consecutively. Coke is added, depending upon the 
allowable limits for the carbon in the metal. Soon the 
slag begins to turn from the black to the brown, and 
all further handling is done as has l)een described under 
finishing slags. 

There are times, due to a rusty charge, when this 
small first slag becomes so contaminated with oxides that 
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any attempt to clear it will result only in a long and 
tedious operation. The best process to follow here is to 
pour off this slag as soon as possible, and then add the 
final mixture. This is a good practice to follow under 
nearly all circumstances, as pouring off this heavily ox- 
idized slag means that there is less oxide to clear in 
the end, the result being a more rapid running of the 
heats. As soon as the metal is melted and sufficiently hot 
to hold its heat for a few minutes, the furnace is tilted and 
this first, heavily oxidized slag is run off. Such a slag will 
be thin, and dead black in color and readily will run from 
the furnace. To obviate unnecessary handling, this slag 
may be run into a bucket, allowed to cool, and the lump 
disposed of in one piece. As soon as the greater part of 
the slag has been removed, the metal will start to run. 
The furnace is tilted back, the manganese added, and the 
heat finished in a manner similar to the two slag process 
where phosphorus is removed. 

While such a slag is intended to remove only the 
oxides and miscellaneous impurities, it also will remove a 
reasonable amount of phosphorus if handled correctly. 
For this purpose, the first slag is made of about 2 per cent 
of the charge, lime, added to the furnace during the melt- 
ing down period. Under such conditions the first slag will 
be ba.sic enough to hold a certain amount of i)hosphorus 
in combination. It is safe to figure that such a slag will 
remove from 0.015 to 0.025 per cent phosphorus from a 
heat containing an average amount of rust, without the 
necej^sity of additional boiling. 

In operating under the one slag process, the only 
great difference will be in the manganese content, the 
steel for a required analysis taking considerably less of 
the alloy. In a charge averaging about 0.50 per cent 
manganese only about 0.10 per cent addition will be re- 
quired to overcome the loss. While the first metal test 
will show similar to the two slag process in manganese 
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content the slag will contain most of the manganese, 
which will be reduced back into the metal during the 
finishing period. Under such circumstances it is pref- 
erable to have a chemist make an analysis of the metal 
if regular analyses are to be had. 

Carbon Picked Up 

The melter always must bear in mind that his steel 
when up to a fair temperature, and under a strong car- 
bide slag, always will pick up carbon. The amount so 



Fig. 26-27 — Variations in Carbon and Manganese During Progress 
of Heat 

Fig. 26 — The Charge Analyzed Carbon, 0.20 to 0.25 and Manganese 
0.40 to 0.50 Per Cent, the Scrap Was Rusty and the Heat Was 
Run Under Dephosphorizing Conditions Without the Ad- 
dition of Ore or Scale — Ferromanganese Was 
Added After Slagging Off 

Fig. 27 — Similar Curve Showing the Drop of Oxide Constituents 
and the Rise of Those Denoting Deoxidation 

absorbed will depend greatly upon the volume and condi- 
tion of the slag, the temperature of the slag and metal 
and the length of time so held. Every shop should deter- 
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mine their average gain in carbon, by making experi- 
ments, and then should allow for this when making addi- 
tions. The general average will be from 0.030 to 0.060 
per cent, assuming a slag of from 4 to 5 per cent of the 
charge by weight, and holding under a carbide atmos- 
phere from 45 minutes to one hour. Experiments made 
on a 6-ton furnace making steel castings, and holding the 
metal under the white slag for 45 minutes, showed an 
average pickuj) of 0.060 per cent. However, in this case 
the metal was made rather hot which increased the rate 
of absorption. Other metallurgists have reported a pick 
up as high as 0.130 i)er cent in 45 minutes. 

Melting with partial oxidation seldom is used when 
making low carbon steels, especially those under 0.40 per 
cent carbon, but is widely applied for the hard or medium 
hard grades. The charges here are made in a different 
manner, being so proportioned that the heat will melt 
down within a few points either way of a predetermined 
analysis. For examine, assume a heat recpnring a linished 
analysis of from 0.45 to 0.50 carbon, with a 

manganese of 0.60 ])er cent. The steel will pick up ap- 
proximately 0.06 per cent cai-bon fi’om the slag, 0.050 per 
cent fi’om the fei’romanganese, making a total of about 
0.10 per cent carbon before slagging off. If the rate of 
oxidation foi* the particular class of scrap to be used is 
10 points on the melt down, without a boil, the charge of 
scrap can be made of metal analyzing 0.45 to 0.55 per 
cent carbon. Therefore this metal when melted wdll con- 
tain appi’oximately 0.35 to 0.45 pei* cent carbon. 

Tf the metal is allow^ed to remain under its oxidizing 
slag the result will be that the remainder of the carbon 
will be eliminated, requiring a considerable amount of 
work and recarbonizing material to bring it back to 
specification. It is advisable to stop this oxidation, and 
immediately start upon the finishing period. 

Tf desired, this first slag can be run off and a new 
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one added. If this is practiced it will be necessary fur- 
ther to heat the metal to give the necessary temperature 
to the slag, to enable it to run from the furnace. Dur- 
ing this heating the carbon will drop lower unless steps 
are taken to prevent such an occurrence. The best 
method of doing this is to add a small amount of either 
ferromanganese or ferrosilicon, and then dust the slag 
lightly with powdered coke. The force of the oxides are 
transferred from the carbon in the metal to these addi- 
tions with the result that the steel analysis will remain 
constant which is an essential point. 

If only one slag is used the carbon should be al- 
lowed to drop at least five points lower, and the metal 
heated. As soon as this point is reached add the ferro- 
alloy, and give a fair dusting of cokes immediately fol- 
lowed by the final slag materials. The amount of first 
slag to use will de])en(l upon what disposal is to be made 
of it. If to be slagg(Kl, the first slag may contain at least 
2 per cent of lime. If only one slag is to be used, the 
first slag should contain only enough lime to combine with 
any dirt or impurities in the scrap, and still remain basic. 

Using a 117/ /7r Slag 

Melting undei- a white slag rarely is practiced in the 
foundry, although widely practiced making high-carbon tool 
steels. The only time such a process is used in making cast- 
ings is in certain cases where high carbons such as 0.70 to 
0.80 per cent are required for use in crushing machinery 
where an unusually hard steel is necessary. In charging 
the furnace for such a heat, a certain amount of coke 
is charged with the scrap. During the melt down, the 
slag is addl'd, and a small amount of coke added from 
time to time to furnish the proper reducing atmosphere. 
The furnace must be sealed tightly^ at all times, as an 
influx of air will destroy the desired conditions. The coke 
added must be carefully checked as an excess will make 
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the carbon too high. Under such an operation a carbide 
slag will be found on the metal, and if adjusted properly 
the steel will melt down to an analysis such that only 
slight additions will be necessary before pouring. Such 
practice requires a chemist on hand for the entire course 
of the heat, and for ordinary casting work does not give 
results commensurate with the increased care and cost. 



IX 

MAKING ACID STEEL 

T he acid process of manufacture has become so im- 
portant from a commercial viewpoint over the past 
five years that its procedure deserves the closest 
consideration. The common idea regarding the acid proc- 
ess is that its operations are so simple that a green man 
safely may operate a newly installed furnace. This nat- 
urally has resulted in many varying methods of operating 
an acid furnace, some good, others bad. It is the author^s 
opinion that as much experience is required to make first 
class acid steel as the basic metal. Whoever has been 
held to rigid specifications on this process will agree on 
this point. 

At first glance, the acid process offers merely a means 
of melting, and superheating a mass of steel to the pour- 
ing point, and teeming into molds. The final steel in such 
a case is no better than its preliminary charge of scrap, 
and often, due to poor operating practices, it is far worse. 
That this is the purpose of the acid electric furnace is a 
fallacy. While it is perfectly true that there can be no 
phosphorus elimination under the conditions of an acid 
slag, it also is true that there can be slight decrease in 
the sulphur content, due to its burning away under melt- 
ing. The other components of the steel can be controlled 
.closely, and by proper slag manipulation, the bath of 
metal can be deoxidized as well as under the basic car- 
bide slag. 

The rapid increase of acid lined electric furnaces is 
the best argument as to their ability to make a satisfac- 
tory grade of metal. Acid practice is rapid and econom- 
ical. The product is high enough in quality to satisfy the 
most discriminating. The percentage of lost castings is 
low. The process offers exceptional opportunities for 
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making small, green-sand work, due to the high tempera- 
tures to which the metal may be heated. In short, for 
general steel casting work, the acid furnace offers as 
near perfect conditions as it is possible to attain. The 
personal element entering into its operation is the con- 
trolling factor. 

Due to the insignificant reduction of any derogatory 
elements, the scrap used must be sufficiently low in 
phosphorus and sulphur to allow the finished metal to fall 
within allowable limits. As the present maximum limit 
of both sulphur and phosphorus in acid steel 
castings is 0.060 per cent this is a point which 
is rather easily met, almost any grade of open 
hearth melting scrap being suitable. This scrap should 
be segregated exactly the same as that for the basic fur- 
nace. However, greater care should be used to avoid large 
amounts of rust on the metal. Iron oxide offers a much 
different action on the acid hearth than on the basic. 
Under the conditions of the basic magnesite hearth, which 
is not attacked by oxide, this i ust tlirows its entire 
strength to oxidizing the carlion, manganese, silicon, and 
phosphorus. The acid furnace* bottom will be corroded 
rapidly by this oxide which may cause serious ti’oulile in 
sevei’al ways, either by tiearlh cutting, or by bringing 
down the metal in an over-oxidized condition. 

The acid furnace is I’apid and there should lie no lost 
time, if steady production is sought. Therefore, it is 
bad practice to boil the metal, or to have to recarbonize. 
(k)nse(iuently, the balancing of a sera]) charge becomes im- 
portant. A charge consisting largely of shoj) scrap or 
other large chunks always* will melt down high, requiring 
much manipulation to prevent exceissively high percent- 
ages of the elements, particularly silicon. The opposite 
charge, one of all light scrap, will result in an over ox- 
idized condition, re(iuiring constant work to bring back 
to a solid state. Naturally a charge of clean metal will 
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come down higher than a furnace load of heavily rusted 
steel. 

After running two or three heats on a new furnace it 
becomes easy to proportion the different classes of scrap 
so that the steel on the melt down always is approximately 
the same composition. In making up a charge several 
main points should be followed. These are: 

Phosphorus and sulphur should be within limits. 

The proportion of light to heavy metal should be 
about the same for each heat. 

The physical condition of each charge should be the 
same as regards the amount of clean, medium and dirty 
scrap. 

The chemical composition of each charge in carbon, 
manganese, and silicon should be kept as closely the same 
as possi])le. 

If these points could be observed in a mathematical 
manner, the acid furnace would turn out the same grade 
of steel heat after heat without any supervision. How- 
ever, this is impossible and it is these minor changes in 
the scrap wliich necessitate expert supervision, if steel of 
a constant and regular composition is to be made with a 
minimum of expense, and loss from unnecessary opera- 
tions. 

In charging the furnace for making the ordinary 
grades of soft steel castings the author has found that a 
charge consisting of about 25 to 30 x)er cent, heavy scrap, 
the remainder light shoveling steel, will give satisfactory 
melting conditions. This charge should analyze as close 
to 0.30 per cent carbon, and 0.50 per cent manganese as 
is possible with the scrap supply. If a large proportion 
of shop scrap is used, ore must be added to neutralize 
the added silicon, 25 pounds being about the correct amount 
to use in a 4 ton charge where not over 40 per cent is 
shop scrap, and where a final metal of under 0.26 per cent 
silicon is desired. If the scrap charge is rusty about 3 
large scoops of old floor sand will give the necessary silica 
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to satisfy this oxide without its attacking the hearth. 
This also will give the necessary slag body to prevent 
watery conditions, with attendant oxidizing and radiating 
conditions. 

If a slightly higher carbon is desired it is permissible 
to charge either a small amount of pig iron, or some 
carbonaceous material such as coke, graphite or coal, so 
that the charge will be stopped on the melt down, and give 
a higher carbon when melted. 

Melting Down the Charge 

The charge being in, the current is turned on and the 
melting commences. The doors should be kept closed as 
much as possible during this period to conserve heat, and 
to keep air from the bath. The author does not favor 
sealing the doors and making the furnace absolutely air 
tight as this will cause reducing conditions when they 
are not desired, with the result that the bath comes down 
too high, especially in silicon. 

During the melt down period, the furnace will be 
subject to the same delays as on basic operation which 
will be handled in a similar manner. However, there is 
one condition, Avhich should be watched, more carefully, 
that of bridging of the scrap. If this is bad on the basic 
hearth, it is fourfold worse in the acid furnace, due to 
the fact that a basic slag will conduct the current easily, 
while the acid slag is a poor carrier of electricity. Con- 
sequently if the hearth begins to dig, the arc instead of 
flaming to the slag, will be forced to dig under to reach 
the metal. Naturally, the result will be that as the small 
body of metal digs, the' depth of the slag increases, be- 
coming much worse each moment, until the arc will dig 
completely through the hearth. The best indication of 
proper melting conditions is the color and character of 
the flame arising around the electrode ports. 

At the start of the heat, and for probably the first 
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half hour this will manifest itself by a heavy reddish, 
brown smoke with little flame. As a pool forms, this 
brown smoke will change to a light yellow, accompanied 
by a reddish flame, which is rather sharp and irregular. 
As soon as the scrap begins to fall in from the walls, the 
red smoke recurs, but is not accompanied by heavy gusts 
of reddish flame, and often by dense puffs of heavy black 
smoke. As soon as the metal is all in, the color again 
changes to that of the yellow fume, until reduction begins. 

This is the appearance of a furnace melting down 
under satisfactory conditions. If bridging begins an en- 
tirely different appearance will be noted. About 30 min- 
utes after the power is on, and when the electrodes are 
down rather deeply in the charge, the smoke will change to 
a dense white. This is the first sign of danger, but does 
not necessarily mean bridging. If this is SQon accom- 
panied by a soft, luminous flame, of a deep yellow color, 
it is an absolute indication of hearth cutting. Unless im- 
mediately overcome, this flame will continue accompanied 
by ever increasing amounts of white smoke, until soon 
snoiving begins. This is caused by the carbon of the elec- 
trode reducing the silica of the slag in the presence of 
the arc. The free silicon, in the form of a vapor rises, 
and as it leaves the furnace is precipitated by the cold air 
in the form of a heavy grayish powder resembling snow 
in texture. The author has seen this come from a furnace 
in lumps as large as the fist, it having a soft, open feel 
to the hand, crushing to a fine grained powder when 
s(iueezed. 

If snowing occurs, it is a sign of absolute danger, and 
if the bridging cannot be broken, the electrodes must be 
raised and as much molten slag pulled from the furnace as 
is possible, when fresh scrap can be added to the holes 
and the arc started on ' this higher metal. Often the 
charge is so badly bridged that it is impossible to reach 
the holes from the doors. In such a case, the electrodes 



156 Refining Metals Electrically 

must be raised and fresh scrap added through the ports in 
the roof, the scrap being added high enough so that con- 
tact will be made with the bridge portion. It is here al- 
lowable to add a small amount of ore, about 25 pounds be- 
ing ample, to take care of thinning this heavy slag, and 
to start sufficient of a boil to tend to undermine the fused 
scrap and allow it to fall into the pool. 

Under any condition as soon as a fair sized pool has 
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formed the condition of the metal should be determined 
by slag and metal tests. A metal lest will show the per- 
centage of carbon either from fracture or analysis. Ex- 
perience also has shown that a certain carbon content 
nearly always will be accompanied by the corresponding 
amounts of manganese and silicon, when melting scrap 
of a uniform type. This information gives certain data 
on the progress of the heat a high carbon meaning that 




157 


Making Acid Steel 


the manganese and silicon are up, and a low carbon the 
reverse. These comparative figures will change depend- 
ing upon the size and character of scrap, rapidity of 
melting, slag volume, etc. Such a curve should be made 
for every furnace operating on this i)r()cess to have at 
hand valuable inforniatioii should occasion arise. 

Fig. 28 shows such a curve plotted from several hun- 
dred heats covering tlie o])eration of a 8-ton furnace made 
by the Pittsburgh Electric Furnace Corj). This is based 
upon a charge consisting of approximately 25 per cent 
shop i‘eturns, the remainder being general boiler plate 
steel, the furnace melting 4 tons of metal in one hour, 
without any slag beijig added during this first period. 
While the figui-es sliown Yai-\’ slightly their average is 
close to analyzed t(‘sts and a correct enough to base ad- 
ditions ui)()n when allowc'd a l(‘eway of ten points. 

Sl(t(/ ]\Ia)ii})uUtih)n and of Oxidation 

Assuming that a h(‘at of low carbon steel for castings 
is being made*, the finished metal to analyze approximately 
as follows: C^arbon, 0.22 to 0,20 per cent; manganese, 
O.OO to 0.70 p(‘r ci‘nt; and silicon, 0.25 to 0.80 per cent. 
A certain analysis of the nndten bath will be found to 
gi\’e superior i-esults on tinisliing. Such an analysis may 
be considered as a standard and any deviations taken 
care of during the reducing period. The best analysis 
of such a bath of steel is about 0.11 to 0.18 per cent car- 
bon; 0.08 to 0.10 per cent mangane.se; and 0.05 to 0.07 
per cent silicon. A heat of steel composed of scrap 
analyzing carbon 0.25, manganese 0.50 and silicon 0.15 
per cent, and of average character, when melting down 
to the above analysis will be in excellent condition. There 
will be enough of the residual alloys to prevent any over 
oxidization, and yet the steel will be low enough to finish 
nicely within its limit. 

Naturally, if every heat melts down at this analysis, 
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and similar additions of alloys are made, regular results 
will be obtained. Bringing the molten bath to a certain 
figure, is without a doubt the secret of regular analyses 
on the acid hearth. Appendix Tables 11, 12 and 13 are 
operating logs for hard, soft and medium steels made on 
the acid hearth. This melt down analysis is not an ar- 
bitrary figure, but is that obtained by averaging the melt 
down analyses of nearly a thousand heats, which were 
run under what might be considered perfect conditions. 
The next point is to determine what conditions will in- 
fiuence a change in melting to give either a higher or 
lower result than desired, and what will be necessary to 
overcome this difference. 

Correcting Low Fujures 

Low figures on the melt down are shown when taking 
the first slag and metal test. The metal test is covered 
with splotches of oxide, and sparks heavily when poured 
into the chill test mold. As soon as the mold is filled, 
it generally gases so badly that the steel will be forced 
up out of the center of the test piece, leaving nothing 
but a shell. If it does not do this, it will bu})ble badly 
while solidifying, and the fractured test will consist of 
nothing but a net work of steel filled with gas holes, no 
crystalline structure being present. The slag taken on 
this test will be a dark black, thin and glassy, jjtiing 
brittle, and is known as a watery slag. Such conditions 
indicate poor metal, for an over oxidized condition results 
in a certain amount of oxide being dissolved in the metal. 
Often it is impossible to remove this oxide and later a 
cracked casting may result. 

This condition is caused by an over supply of oxygen 
during the melt down which has Imrned out nearly all of 
the carbon, manganese, and silicon from the metal. The 
condition may arise from the following reasons: 

This may have been caused by charging a larger 
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amount than usual of small sized, or dirty scrap. This is 
gross neglect. The melter, himself, should oversee or 
direct his next heat. 

This may be caused by poor fitting doors, or by small 
pieces of scrap on the sills not permitting the doors to 
shut down tightly. The best method of overcoming this 
is to see that each door fits snug before the heat is started. 
Rake all pieces of metal from the door sills, and if a crack 
still remains fill it with a small amount of loose sand. 

Any delay occurring after the metal has reached a 
red heat will lengthen the time in which the steel is ex- 
posed to oxidation. The result will be a heavy scaling of 
the metal, the oxide coming either from air entering 
through the door, or leaking in around the electrodes or 
through brick cracks in the roof. This delay may be 
caused by breaking an electrode, the power may go off, 
there may be trouble with the control apparatus, etc. 
To prevent any over oxidation, especially when a delay 
occurs after a pool is formed, a layer of sand should be 
thrown over the bath, and a light dusting of finely 
crushed coke added. This will help to cover the metal 
from any air drafts, the coke offering a protective screen. 

In long continued delay, where it may be several 
hours before the current is again on, sand should not be 
added or it may solidify and prevent contact being made 
when the furnace again is started. In such an instance, 
it is best to give a light dusting with coke alone, the 
greater part of which will readily burn away without 
raising the carbon in the bath. In long delays of this 
kind, it is good practice to add ferromanganese figured to 
about 0.10 per cent, as soon as the current again is on. 

To overcome an oxidized condition, the first step will 
be to give the entire bath a liberal dusting of coke. This 
will stop any further oxidation, and immediately will start 
reducing action on the slag. Ferromanganese may be 
added in sufficient amount to bring the manganese total 
in the metal to about 0.20 per cent. Slag now is added 
to the furnace, and the bath heated. Ordinarily, this 
treatment will overcome wildness / in the steel, and the 
heat can be finished. However, the metal may have ab- 
sorbed so much oxide that this treatment will not prove 



160 


Refining Metals Electrically 


sufficient. This will be determined by the action of the 
slag. If conditions progress in a satisfactory manner, the 
slag will turn from a dead black, and water slag, to one 
dark green in color. The slag will thicken, and lay quiet 
on the steel. If too much oxide is present, the slag, as 
soon as the metal heats up, will begin to foam, and will 
have the appearance of a heavy boil. The only thing to 
do in such a case is to tilt the furnace, and rake as much 
as possible of this slag off, and build another. 

A high carbon test is evidenced through the metal 
lying (juietly in the spoon, and giving a fairly sound test. 
The slag ordinarily will be thick, and of a medium green 
color. The flames from around the electrodes have the 
soft, luminous appearance of reduction, with a moderate 
amount of white or light brown vapoi-. If reducing con- 
ditions are severe, the furnace may even snow. Such a 
condition may be caused in the following ways: 

1 — lm])roper mixture of the charge, allows too great 
a percentage of high carbon, or shop scrap to the lighter 
metal. Too much scrap may lx? used with a large amount 
of adhering sand, such as ladle skulls or spilled metal, 
without the addition of ore to cut this 7*educing agent. 

2 — A piece of electrode may break off without Ix^ing 
noticed, causing reducing conditions to commencci. 

— The electi’odes may dig causing an excess of slag 
to be on the metal, and reducing silicon so fast from the 
silica of this slag that all the oxide is used to again ox- 
idize this silicon. 

4 — A large amount of slag making material may have 
been thrown in with the charge, without cognizance be- 
ing taken of its already high percentage nature. An extra 
amount of patching material may have been applied to the 
furnace. This may dislodge and come up to combine with 
the slag. 

Whatever causes such a condition, the result is the 
same. The composition is too high in carbon and the al- 
loys, and if allowed to continue will result in the silicon 
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being so high in the finished metal as to make it unfit for 
use. 

There is only one remedy for such a condition. Clean 
the metal rapidly of adhering slag, add ore, and boil until 
the metal is down to its standard condition, when a new 
slag may be added and the heat finished. In adding ore 
to boil the metal, the same care must be used as on basic 
operation. It is far better to add small amounts than it 
is to add too much. As this action of ore is endothermic, 
its action will not take place as soon as added, but will 
require several minutes until th(‘ bath has gained suffi- 
cient temperature for the action to proceed. This is an 
unknown fact to many melters, and after they add, say 
50 pounds of ore, there is no immediate action, they come 
to the conclusion that the on* is held in the slag and make 
another addition. Then as soon as the ore does start 
to work they have a pretty boil on their hands, often 
severe enough to kick the metal and slag out of the fur- 
nace door. 


Ore Mill! Refuin Action 

Another point about adding ore* is that it may still 
retain action aftei' its immediate bubbling has ceased, due 
to the fact that part of the bath may be full of oxide, 
but too cold to give any action. Now if slag is added 
this oxide will begin an after boil when heated and the 
slag will have to be removed. To overcome such occur- 
rences add the ore slowly in small sized portions. Then 
as soon as the boil begins, do not choke the furnace with 
ore, but allow each addition to get in its work before ad- 
ding another. When the carbon is down approximately 
to its desired percentage, do not add alloys or slag, but 
allow the metal to heat and poke a rod in the bath to de- 
termine if any unmelted lumps remaifi. If so they must 
be melted clean before slag is added, if not the metal 
should be heated for several minutes until any loose por- 
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tions of oxide or ore have been dissipated, when the heat 
may be placed under its final slag. 

A third point should be considered; that of slag vol- 
ume. As oxide in high silicon metal tends to form slag 
in two ways, by combining with the silicon to form silica, 
and by its corrosive action on the walls, this must be 
taken into consideration before adding any slag or the 
final amount may prove to be too much. It must be con- 
sidered that a highly oxidized slag is thin and watery, 
and it may look as though there is little slag on the 
metal. However, when this oxide is eliminated, and the 
slag begins to thicken, what may have appeared small is 
likely to prove a considerable amount. 

At this particular point certain conditions exist. The 
metal is low in carbon, manganese, and silicon. It still 
is cold and due to oxide it is wild. What slag is on the 
bath is full of oxides of both iron and manganese, which 
causes the dark color. The steel is in no condition to pour, 
being of poor quality and too cold. This latter is easy 
to overcome by continuing the heating, but a steel heated 
to a high temperature under such oxidizing conditions 
would be of no use for steel castings as they would give 
the familiar appearance of a piece of cheese. Therefore, 
the first step is to eliminate the oxide before the tempera- 
ture of the steel rises to the point where dissolved oxide 
wdll remain in solution. The first step is to add fresh slag 
in sufficient quantity to perform the desired operation. 

For this purpose many materials are in common use. 
Old floor sand, crushed brick, or almost any form of a 
silicious material will prove satisfactory. This should be 
rather small in size, preferably of the same character as 
dry sand, and should be dry and free of any oxide in the 
form of rust, burned iron, etc. This material is spread 
carefully over the furnace, the exact amount being dic- 
tated by experience. The author has found about 8 scoops 
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or approximately 150 pounds to be enough for working a 
4-ton heat. 

After this slag has been in the furnace about 5 min- 
utes the door should be opened and an inspection made. 
If this slag material has lumped, it must be rabbled, if 
not the doors can be closed and the metal heated. 

At this time the flames issuing from around the elec- 
trodes will be rather sharp, and of a reddish blue color, 
but without any appreciable amount of smoke. However, 
as soon as this slag is added the flames will drop down 
to practically nothing, and dense white fumes will be 
emitted. As this slag melts and diifuses over the steel 
the white smoke gradually changes to a thin, yellowish 
white fume, accompanied by the familiar soft, luminous 
flames denoting the start of the reducing period. This 
condition also denotes a heating up of the metal, and a 
test should not be taken. 

The metal at this time will ]>e heavily charged with 
oxide, and will bo rather cold. The slag should be a 
dark green in color, and of a medium consistency. If 
still thin, but green, more slag should be added. If the 
slag is still black no more slag should be added, but about 
10 or 15 pounds of ferromanganese should be added, and 
a few small shovels of coke dusted over the slag. Ordi- 
narily this will be sufficient to start the slag to working 
with its attendant reducing powers. 

From this time tests should be taken with regularity 
every 4 or 5 minutes, both slag and metal being examined. 
As the bath heats and deoxidation proceeds this slag grad- 
ually will turn into a lighter green finally showing a green- 
ish yellow color. When this color appears the slag should 
be rather thick and tough, and should string from the test 
spoon from the furnace. This is the final and absolute 
slag test. The metal at this time shopld be free from any 
reddish brown oxide spots on its surface, and should pour 
over the test spoon in a clear blue stream, with little 
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sparking. The test will not be absolutely sound, but 
should not contain any apparent blow holes on fracture 




No. 1 ()v(>r()xi(lizo(l Motal 
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lias no ajiparonl 1 1 ystalline stiintiiK*, the test liavini’ the ap- 
pearance of teann^^, I'atht'i than Ineakmjjf, when fraetiirit] Slag 
test accomfianyin^ siu h niet.il will h ' thin anti watery, and of a 
glassy lilack I'olor 

No 2 - Metal of (hnrect ('oni|)t).>ilion 

Caibon aiipi oxiniatelv Oil to 017 per ct ni; manganest', 0 OS 
to 0 20 per cent; silicon, 0 05 to 0 10 pt'r ct'iif Metal around rim, 
where chillotl, has a sound stiuctuie with a distinct crystalline ap- 
])earanc(‘, the ciyslals being fioni nu'diiini to laige in This 

test will bend before breaking, aiirl often ina\ show I'Vidences of 
teaiing Sian aecomiianying suil. metal in.ay he moderati'lv thin, 
but usually w’lll be a lighter color- -a dark giav, or nllen a daik 
green If lilack the slag will be more of the iialuie ol lava, be- 
ing rather dull, without much lustre. It will not ri'semhle lh(' 
buttle, glassy slag oi overoxidation. but wdl be i.ithei tough in 
character. 

No. Metal Coming Down Too High 

Carbon, usually above 0 MO per cent; manganese langing from 
0.20 to 0.M5; silicon, from 0.15 up. the latter depending laigely 
on the carbon content. Mental will consist entirely of a ciystalline 
structure, the size of the crystals depeu<ling upon the carbon 
content, and the rapidity of quenching, Wlu'n liroken i| will snap 
with little impact from the hummei , often wuth a .shai’p snap. The 
slag on .such a test will always he green, the degree' of color de- 
pending upon the degree of reduction, and the volume of the 
slag body. The slag structure wull deiiend upon the quantity 
present, and will range from one with a fair degree of brittle- 
ness to that resembling a finishing slag, being very tough and 
stringy. 
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having clear metal around its rim, where it has chilled 
against the mold. 

If the above conditions exist the heat is ready to be 
brought to its final analysis and poured. However, cer- 
tain other conditions may exist at this point, and the 
metal never should be poured under any but perfect con- 
ditions. 

Often through the metal ))ecoming over oxidized at 
this point the metal is beginning to heat and the slag is 
still black, and thin. A metal test taken will be wild, and 
even may foam ip) out of the lest blocks. Kerromanga- 
nt'se and cokc' should b(‘ added as mentioned, and heating 
continued. If after heating for several minutes there is 
no change* in its ajipearance and the melal is still wild, 
a small amount of additional slag malerial may be added, 
and well rabbk'd in. If this too is unsuccessful, the only 
I)i'()cedure is to rake off this slag, and build another, first 
adding suflicii'id manganc‘se to the medal to bring its con- 
tent uj) to about 0,25 pel* eeml. A dusting of coke is 
given the slag which will ne‘a]-ly always bring it around. 

If the‘i‘(‘ is insufTicieml slag ))ody on the metal at this 
point it will })(' noticed by the slowness of heating, the 
metal see'ming incapalile of re‘aching its proper tempera- 
ture. The metal te-sts will show favorable, and the slag 
will be of a medium green. More slag added quickly 
will change this condition to its propei* state and the 
heat can be finished. 

TJiidx Sl(t{fs arc Dclcivnam 

Slag which is too thick gives a serious condition, es- 
pecially if occurring while the temperature of the metal is 
rather low. The slag is thick and heavy, and the arc has 
difficulty in breaking as can be seen by its irregular ac- 
tions. The furnace may even begin do snow. If this is 
detected at the start, a slag test should be taken and its 
condition noted. If the slag merely is lumped or viscous 
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due to a high silica content, a small amount of burned lime 
added quickly will bring it to proper condition. However, 
if the slag volume is too large, part of it must be raked 
off at once. If allowed to continue, the result will be a 
rapid reduction of silicon into the metal with the chance 
of having an off heat. The author has seen silicons 
analyze as high as 1.00 per cent when finished under such 
conditions. 

It may be possible to have a perfect slag and still have 
wild metal. This may sound peculiar, but is explained by 
the fact that the slag itself is the main deoxidizer and op- 
erates by absorbing the oxide from the metal, bringing 
it to the surface, where it is removed by combining with 
carbon. The freed iron or manganese in the slag then 
combines with another charge of oxide and the process is 
repeated until the metal is clear. The reason for the metal 
being wild under these conditions is the fact that it has 
had insufficient time to perform its work on the metal. 
The solution is to hold the bath under this slag in a sim- 
ilar manner to holding steel under a carbide slag in the 
basic furnace. Oxide in the metal easily may be deter- 
mined by observing its surface in the test spoon as taken 
from the furnace. If oxide is present small reddish 
brown spots will appear and disappear on the surface of 
the metal, the steel sparking when poured. If the bath is 
free from oxides the metal will have the familar bluish 
appearance, its surface being mirror like in its freedom 
from spots. 

The slag being of correct composition, and the metal 
being in a deoxidized condition, the next step is to bring 
it to a temperature high enough so that approximately 10 
minutes more will be required to heat to pouring tem- 
perature. The present analysis of the metal is known, 
either by experience — or by actual analysis the latter al- 
ways being preferable where possible. 

As soon as this point is reached, it is time to recar- 
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bonize if necessary. If the carbon is correct, the manga- 
nese of the percentage desired is added in rather large 
lumps, being slightly moistened if the slag is thick, and 
allowed 5 minutes to diffuse thoroughly, when the heat is 
poured. 

Methods of Recarhurizmg 

There are as many ways to recarbonize a heat of 
acid steel as of basic, but it must be remembered that 
time is an important consideration in this process. The 
steel cannot be held at this high temperature for any 
length of time without picking up silicon so that the addi- 
tion of coal, coke, graphite, etc. and rabbling into the steel 
is unsatisfactory, due to the length of time necessary to 
perform this operation, and check its effectiveness by 
tests. Therefore, three main methods of adding the nec- 
essary carbon remain, namely: by using pig iron, car- 
burite, or by immersing the electrodes in the bath with the 
current off. 

Carburite is a mixture of iron and carbon contain- 
ing a high percentage of the latter, and having a high 
enough specific gravity to sink into the metal. The only 
objection is the fact that small pieces might be held in 
the slag and its composition is so high in carbon that a 
small difference in weight would make a large difference 
in the metal analysis. For exact pCfactice this eliminates 
this alloy. 

Immersing the electrodes is common practice in many 
shops, but this 'shows carelessness. Many variables are 
encountered such as the size and character of the elec- 
trodes, the effective area exposed to the metal, the tem- 
perature of the metal, the volume and viscosity of the 
slag, and the present content of the metal. These make 
this practice unsafe. When the electrodes are lowered 
into the metal, they become coated with a varying amount 
of slag. A melter cannot tell these conditions and the re- 
sult is that he fools himself into thinking that this con- 
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stitutes good practice by assuming that carbon added im- 
mediately before the pour will not have the chance to 
lower itself by reducing silicon. With electrodes at 6 or 
7 cents a pound this will pi*ove a rather expensive method 
of adding carbon, especially at the end of a year's time. 

The one remaining recarbonizer, pig iron, is the best 
and cheapest agent for adding the dc'^ired carbon. The 
amount added is exact. The pig is so heavy that it nat- 
urally passes the slag and is all absorbed by the metal. It 
is cheap. These points constitute a great advantage. The 
main argument advanced against the use of pig is that 
after its addition the current must bo koi)1 on a sufficient 
length of time to heat it up to the pouring temperature. 
The objection here arises that under such high tempera- 
tures the carbon will tend to reduce the silicon, thus au- 
tomatically lowering itself. The writer never has found 
this to be true on heats where the caibon content was 
under 0.30 per cent. On many heats, whore the pig was 
added at least 20 minutes befoi*e the pour, th(‘ metal be- 
ing heated high enough to pour 60 flasks, the carbon drop 
never amounted to over 0.03 jier cent, and on many of 
these instances the diflerence might have been due more 
to error than to furnace conditions. 

On extremely high carlion heats, for instance, 0.80 
to 0.90 per cent carbon, where this amount of carbon 
constitutes a great part of the iron impui’ities this fea- 
ture of reduction holds, and it is here advisable to use a 
different method, the best being the use of a higher per- 
centage scrap, so that little carbon adjustment is required. 

Silicon Lo'wered 

Often a heat may seem to be coming down perfectly, 
but as the temperature rises to the finishing point, it will 
be noticed that much silicon is being reduced. This will 
manifest itself by the silvery appearance of the metal in 
the spoon, and by its quick setting when poured into the 
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mold. The metal may be hot, yet will freeze as soon as 
it leaves the spoon. This often misleads melters, regard- 
ing the heat of their metal, and results either in pouring 
a cold heat or, one so hot that it actually welds with the 
sand of the molds. If the metal is hot enough to pour, 
the best thing to do is to tap at once, and change the sili- 
con addition accordingly. The amount of this change can 
be learned only by experience, but approximations can 
be given. If the ordinary silicon addition, made to metal 
where there is no apparent pick up, is 0.20 per cent, this 
should be cut in half if the metal is held under the above 
conditions for 5 minutes. If held for 10 minutes no 
silicon should be added. Another method is to add the 
manganese and take a test in a sand mold. If the metal 
sets nicely there will be no silicon required, any additions 
being based upon the action of the metal in the sand. 
Under the conditions of extremely hot metal used for 
small casting work, this pick up will approximate 0.02 
per cent per minute, where the refining current is about 
120 volts. 

If the metal still is too cold to pour, the best remedy 
is to rake off as much as i)ossible of the slag, and add 
enough ore to cut this silicon. A small amount of lime 
will keep the slag fluid for the remainder of the heat 
without any further danger of such reduction. Ordinarily 
this reduction will not take place until the metal be- 
comes hot, and then will amount to little if this silica 
content of the slag is kept below 55 per cent. When this 
silica content passes 55 per cent there is nothing to hold 
the silica in combination, and reduction is the natural 
action. Often lime added at the first signs of silicon in the 
iron will furnish a base to hold this excess silica in com- 
bination without any reduction. 

This reduction of silica occurs only in the presence 
of heavy slags and is enhanced by the presence of coke 
on the bath. Consequently, when coke is used to start 
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reduction, care must be taken not to add it in excess 
or it may result in trouble later. In cases where no coke 
is used and reduction occurs, the carbon necessary for 
this action comes from the electrodes. Another theory 
has been advanced by B. Yaneske regarding this phe- 
nomenon. In a paper read before the British Iron and 
Steel institute in 1913 he has the following to say in 
reference to the reduction of silica from acid slags: 

“Spoon samples of metal also are taken periodically 
and if a reasonable amount of stewing has been allowed 
after each ore addition with the bath kept consistently 
at as high a temperature as the refractories will stand, 
the samples will become more or less riddled with holes 
and the slag covering the metal is seen to rise in the spoon 
owing to the escape of gas. This is a true indication that 
a stage has been reached when the slag has become so 
highly silicious that there is an excess of silica above 
that required to satisfy the reduced amount of basic ox- 
ides present. Consequently, this excess silica once freed 
from combination with the basic oxides, begins to be re- 
duced by the iron, the silicon passing into the metal and 
the oxygen liberated from the silica perforating the metal 
samples, thus: 

Si 0, + Fe rr-t Fe Si + 0, 

“In the furnace bath, where the slag is only in con- 
tact with the surface of the molten metal, the oxygen 
will escape from the silica reduced without passing through 
the metal. The author here ventures to disagree with 
several authorities who have stated that it is the car- 
bon which effects the reduction of the silica according 
to the equation: 

Si 0, + 2 C -r Si + 2 CO 

“It is the author’s opinion that iron must be a far 
more powerful reducing agent than carbon, for iron is 
always present in great ^excess, and it is an established 
fact that oxygen has a greater affinity for silicon than 
for carbon in the open hearth furnace (also electric un- 
der general operating conditions. L. J. B.) this being 
the basis of the acid process, therefore it seems highly 
improbable that carbon will displace silicon from combi- 
nation with oxygen at the furnace temperature. For 
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carbon to reduce silica according to the previous equation, 
it is easily calculated that there must be a loss of 0.06 
per cent carbon from the metal for each gain of 0.07 
per cent silicon from the slag, and yet analyses have 
proved to the author that the reduction of silica fre- 
quently has occurred to such an extent that the per- 
centage of silicon passed into the metal from the slag 
has exceeded 0.10 per cent while the carbon in the bath 
has not fallen more than 0.03 per cent. In fact he al- 
ways has found the loss of carbon to be less than normal 
whenever there has been a considerable gain of silicon 
from the slag, for whatever be the reaction it is obvious 
that for the silica to be reduced at all, the amount of 
oxygen dissolved in the metal must have reached a mini- 
mum. Therefore, it can only be by atmospheric oxida- 
tion from gases that the carbon is removed when the 
metal is free from the dissolved iron oxide. Iron in the 
absence of dissolved oxygen is also liable to reduce some 
of the silica of the hearth, particularly when the hearth 
has been newly sanded, the silicon passing into the metal 
being subsequently oxidized by the further addition of 
iron ore, thus causing an increase in the silica content 
of the slag."’ 

While it is not the purpose of the author to argue upon 
the relative merits of differing theories it must be here 
stated that the theory advanced by Mr. Yaneske, while 
not being the accepted one, is in a general way correct. 
While we cannot know exactly whether or not it is iron 
or carbon which causes the reduction, an experiment prov- 
ing the above theory will be explained. 

Melt a heat of steel, and work exactly as for an 
ordinary soft casting heat. Keep the slag in a fluid con- 
dition and heat up to a high temperature. As long as 
this slag is kept fluid, by additions of lime, there will 
be no silicon pick up, no matter how high the bath is 
heated, or how long the metal is held at such a tempera- 
ture. Now still keeping the slag fluid add carbon to the 
slag in the form of coke dust. The carbon in tbe metal 
will increase slightly, but as long as the slag is kept in 
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a fluid condition there will be no increase in silicon. Metal 
tests taken under these conditions always will show fairly 
sound, and will not rise in a chill mold. When broken 
they will show sound metal around the rim, with no 
evidence of gas holes. The slag will be a perfect color, 
the familiar light yellowish green. If the heat is poured 
with silicon added in the ladle, the steel will be perfect. 

Now, without allowing any oxidizing influence to 
enter the furnace, allow the power to be shut off long 
enough to permit the metal to chill slightly so that there 
cannot be any question as regards a higher temperature 
causing the reduction, quickly open the doors and spread 
enough sand over the slag to thicken it to a rather heavy 
condition, but not to a special or unusual thickness. Turn 
the current on and quickly note the silicon pick up. The 
metal tests will begin to rise in the molds, and upon be- 
ing broken will show the familiar network of blow or 
gas holes, the slag being of exactly the same color, but 
considerably thicker. Now there is no way to explain 
this but to assume that the oxygen of the silica has con- 
taminated the metal. If manganese is added here, the 
steel again will show a sound condition. 

This reduction of silica can be accepted as com- 
ing under the following phases: 

1 — Reduction from the silicious hearth material, the 
action being caused by either iron or carbon from the 
metal itself. 

2 — Reduction due to increased silica content of the 
slags. This can be eliminated in part by a judicious 
use of lime. 

3 — Reduction from the silica of the slag by carbon, 
coming either from the electrodes, or from coke added to 
the furnace. 

4— Reduction due to increased slag temperature. 

It will be found that the reduction of silica always 
is the heaviest on the first few heats from a newly lined 
furnace, and is readily explained by the increased slag 
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volume caused by a first running or spalling of the fresh 
brick. 

Effect of Acid Lining on Slag 

In making steel on the acid hearth reactions are 
encountered similar to those of the basic furnace. The 
initial charge of scrap metal, more or less oxidized, con- 
taining varying percentages of carbon, manganese, sili- 
con, phosphorus and sulphur is similar in both cases. 
However, a new condition, that of the acid hearth, which 
is readily attacked by the oxides of both iron and man- 
ganese, confronts the melter. 

As soon as the current is thrown on, the metal be- 
gins to melt, and drips to the bottom of the furnace. The 
first reactions begin here, the phosphorus, silicon and 
manganese in the metal combining with the oxygen of the 
rust to form their respective oxides. The acid nature of 
the slag reduces the phosphoric oxides back into the metal, 
giving rise to an endless chain of reactions. The iron 
and manganese oxides combine with the silica from dirt 
on the metal, and from the silica formed by the oxida- 
tion of the silicon from the metal. This forms the first 
slag body, which at first is a thin watery mixture con- 
sisting of probably 50 per cent oxides. As soon as a 
small pool is formed these oxides begin to attack the 
hearth and side walls to obtain sufficient silica to hold 
themselves in combination. During this melting down the 
carbon also is removed as the gas or carbon monoxide. 
A small amount of sulphur is burned out, probably in 
the form of another gas, sulphur dioxide. This latter 
action depends greatly on the percentage of sulphur in 
the steel, but ordinarily the sulphur will drop approxi- 
mately 10 per cent. 

As soon as the slag body obtains sufficient oxides 
and silica to give it an equilibrium,, its corrosive action 
ceases, and its further action on the banks stops. At- 
tacking the walls is strictly a chemical occurrence de- 
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pending entirely upon the amount of oxides in the metal. 
In a properly balanced heat, these reactions will occur in 
proper sequence, and at their termination the steel will 
be left in perfect condition. 

However, if an excess of the alloys exists in the 
metal, the slag body will be greatly enlarged allowing 
other reactions to occur, the principal one being the change 
from the oxidizing state to that of reduction, caused by 
the supply of oxides being used. This reaction can be 
prolonged only by the addition of further oxide such 
as ore which commonly is used. If there is an over- 
supply of oxides, the natural result is that they rob the 
metal of every possible portion of alloys, with which 
to form a balanced state. The result is that their 
percentages will be extremely low, the remainder of 
the oxide present dissolving in the metal, causing ex- 
treme wildness. 


Reduction of Oxides 

These are the varying conditions on the melt down. 
However, as soon as the furnace is placed on a reduc- 
ing basis, by adding an excess of silica, any free oxide 
is absorbed immediately. The reduction of silicon be- 
gins by any of the four phases, the result being that 
the oxides of iron and manganese are reduced to the 
point where there is perfect reducing equilibrium. In 
other words, all the oxides present are in combination 
with the proper proportions of iron and manganese to 
form a stable slag, in which state they are negative as 
far as any oxidizing action goes, any excess oxides be- 
ing reduced by the nascent silicon, their metals passing 
into the steel. As this continues, the metal becomes free 
from gas, and the slag changes from the dark oxide color 
to the light greenish color indicating perfect freedom from 
excess oxides. 

If at this point the speed of the reactions has been 
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so controlled that all reaction is accomplished at the 
time the metal reaches the pouring point, the heat can 
be poured. If the temperature of the metal has lagged, 
the slag and metal must be treated to prevent this fur- 


Table XXIV 

Chemical Reactions in Acid Electric Furnace Practice 
1. FeaO. + Fe — 3 FeO (Presence of excess molten iron) 

2 Fe,P j 8 FeO = (FeO). PA. f- 11 Fe 
2 (FeO)3P..OB + 5 Si = G FeO -{ 5 SiO« (Presence of acid 
slag) 

2 Mn + Oa = 2 MnO 1 „ 
gi Q„ _ gio From excess oxygen 

S -j- Oa = SOj (Weak reaction) 

2 Fe + SiOn - Si-|- 2 FeO (From hearth and walls) 

Si 4- Oa = SiOa (To form slag) 

FeO + MnO + 2 SiO^ 3 ::: FeSiOa + MnSiO. (Stable slag) 
Leaving Manganese ± 0.08 per cent and Silicon ± 0.05 per 
cent in the metal. 

If Over Oxidized 

2 ^^-1^0^^ 2 Fe^ ^ almost absolute removal of sili- 

gj Q 4: giO j con and manganese from the metal. 

slag becomes too heavy or premature reduction starts. 
SiO, 4 2 Fe ^ 2 FeO f Si 
SiOa 4 - 2 C " Si 4 2 CO 
FeO 4 - C r= Fe CO 
MnO C = Mn 4 CO 

Finishing 

SiOa 4 2 C =r Si 4 2 CO 
SiOa -I- 2 Fe - Si 4 2 FeO 
Si 4 2 FeO = SiO. 4 2 Fe 
Si 4 2 MnO = SiOa 4 2 Mn 
and manganese oxides will be reduced above that 


2 . 

3 . 

4 . 
6 . 
6 . 

7 . 

8 . 
9. 


10 . 

11 . 

12 . 

If 

13 . 

14 . 

15. 

16 . 


17 . 

18. 

19. 

20 . 
Iron 


amount required to form a stable .slag with silica. 

If reduction is too heavy 

21. SiO. 4 2 C = Si 4 2 CO 

22. SiO^ 4 Fe FeSi 4 O, 

Silicon reduced into metal. 

If lime is used 

23. SiO. 4 2 4 CaO =. SiO. CaO 4 2 C 

24. SiO. T 2 Fe t CaO SiO. CaO 4 2 Fe 

Carbon and iron made inactive — the silica having a greater 
affinity for lime than for reduction. 


ther reduction of silicon, the remedies being the addition 
of ore or lime, or the freeing of the' bath of enough slag 
to so lower the volume present that reduction ceases. 

If the slag is behind the metal in its actions, further 
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additions of sand may be required, or carbon, ferrosilicon, 
or ferromanganese may become necessary. 

The complete chemical reactions arranged in their 
proper sequence as far as possible, and being segregated 
for each set of conditions is given in Table XXIV. 

While lime may offer a solution to certain prob- 
lems met in acid steel practice, its use is not necessary, 
except under unusual conditions, although many shops op- 
erating under excellent practice, use it constantly. If 
the heats are proportioned properly at the start, and 
the volume of the final slag is added with judgment, there 
will be no necessity for thinning the slags, for the re- 
duction of the slag will proceed directly in conjunction 
with the heating of the metal. Consequently, at the time 
when the slag begins to become pasty and the reduction 
of silicon becomes apparent the metal is hot enough to 
pour. Of course, conditions arise where the pasty con- 
dition of the slag precedes the finishing, and if satisfac- 
tory metal is to be poured the slag must be thinned to 
permit the gases to pass up and through. 

A slag of the proper body, during the final period of 
the heat, has a bubbling, or churning appearance, often 
with a distinct gas passage, the gas burning at the slag 
surface with a series of bright, sharp flames. As the 
spoon is inserted into the bath for a test, the slag rolls up 
around the handle, in a manner similar to the foaming of 
a basic carbide slag. Any slag in such a condition does 
not need any treatment, but rapidly will reduce any free 
oxides, and leave the metal in its desired condition. 

A slag which requires lime for thinning, and to take 
care of the excess silica, appears heavy, and often a con- 
siderable amount of slag will be withdrawn from the 
furnace when a test is taken. The slag lies heavy on 
the metal, and difficulty is experienced in forcing the 
spoon through to the steel. Such a slag always is a 
nice color, and tough in texture, but unless a high sili- 
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con is desired should be immediately diluted. Another 
bad feature of such a slag is its inability to clear itself 
during pouring with the result that part is left in the 
furnace building up the hearth, often to a point where 
it must be chipped and cut back to shape. 

The amount of lime in a standard slag varys from 
about 8 to 30 per cent, depending upon the operator, and 
the practice followed. Naturally, a minimum of this com- 
pound should be used as its action on the roof and walls 
is severe, both from its vapors and from solid particles 
impinging on the refractories. If burned lime is used it 
should be mixed with sufficient sand to avoid as far as 
possible this powdery substance being deflected against 
the roof and walls. Limerock in small pieces is satis- 
factory, and does not have these objectionable features. 
If added directly under the arcs the heat quickly will 
decompose the carbonate, and the force of the arc will 
diffuse the lime through the slag. As the lime in slags 
increases, the color changes from the light green to more 
of a porcelain grey green, and upon further additions 
may even give a slag powdering in the air. With slags 
of over 25 per cent lime, difficulty is experienced in ob- 
taining proper conditions for silicon reduction, due to 
the fact that the silica is so firmly held by the lime that 
its reduction in the furnace is hindered. 

Some Reduction of Sulphur in the Acid Process 

That the sulphur content of steel cannot be lowered 
on the acid hearth has appeared in print so often that 
it is fast being accepted as an absolute fact, although there 
is no ground for such a statement. That there is no 
reduction analagous to basic operation is well known, but 
that there is an appreciable lowering of the sulphur con- 
tent also is true. 

While the reaction causing this is at present un- 
known, it is probable the culmination of several separate 
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chemical actions. One of these probably is by the direct 
action of the oxides with the sulphur in the steel, the 
product being the gas, sulphur dioxide. The reaction 
may be similar to that of gray iron, where manganese 
combines with sulphur to form the sulphide, which rising 
to the surface is partly oxidized. The remainder of the 
manganese passes back to the steel. Another possibility 




Fig. 30 — Analysis of Sulphur in Slag and in Steel and Comparative 

Relations of Other Elements. Fig. 31 — Percentages of 
Sulphur in Steel and Slag and Analyses of 
Other Elements During the Heat 

is that the sulphur is lowered by combining as the volatile 
sulphur silicide, and passes from the furnace in the form 
of vapor. 

During the past few years, data have been circulated 
covering special slags with the ability rapidly to lower the 
sulphur content. Most of these make use of a high lime 
content, and are naturally impracticable. 

Figs. 30 and 31 show the changes occurring in two 
acid furnace slags, from oxidizing to finishing. The 
curves for sulphur contents of both metal and slag also are 
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given. The sulphur pick up when coke was added, and 
its consequent lowering during finishing, show conclusively 
that a certain amount of sulphur is eliminated, amount- 
ing in certain cases to as much as 25 to 50 per cent of 
its initial content, although not over 10 or 15 per cent 
could be assumed to be the average reduction. The 
greatest amount of sulphur tends to be eliminated under 
low temperature conditions, and in cases where the iron 
oxide content of the slag is rather low. 

Addition of Alloys 

Alloys may be added to the acid furnace in as many 
different ways as in the basic, although the use of ladle 
additions is more common to the former process, due the 
higher temperature of the metal poured, allowing a bet- 
ter diffusion in the steel. Manganese should be added at 
least three minutes before the pour, being placed in the 
furnace in lumps the size of the fist, and being thrown 
directly under the electrodes if possible. Under condi- 
tions of a heavy or viscous slag these lumps should be 
slightly moistened so that the sudden emission of steam 
will throw the slag aside, and allow the alloy to enter 
the metal directly. If a certain set time, say between 
three and four minutes, is allowed, any losses will usu- 
ally run standard and a certain allowance can be made 
in making up the percentage. 

In adding manganese for close analysis, a chemical 
test should be made as soon as reduction begins, and 
the alloy calculated on that basis. It also must be re- 
membered that the efficiency of the manganese will vary 
with differing furnace conditions such as the temperature 
of the metal, volume and condition of the slag, percentage 
of lime in the slag, amount added, etc. These differ- 
ences can be learned only by experience and observation, 
their exactitude changing for different classes of scrap, 
and for differences in finishing voltage. 



180 


Refining Metals Electrically 


In bringing the silicon to specification three main 
methods are in use. These include: 

Allowing a heavy slag to build itself and permitting 
the silicon to reduce into the metal until the desired per- 
centage is reached. 

Finishing the metal in a deoxidized condition and 
adding the ferrosilicon in lumps to the furnace itself. 

Finishing as in the previous method, but adding the 



silicon to the ladle in pieces from the size of wheat to 
pea size. 

Of the three methods there is no argument as to 
the first giving a metal of superior quality. In this in- 
stance all the silicon is in the nascent condition, in which 
state it is an extremely powerful deoxidizer. Naturally 
the metal made under such circumstances is as sound 
as it is possible for steel to be made under any present 
method. The only objection to this process is its irreg- 
ularity due to varying conditions of reduction, often re- 
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suiting in metal of a widely changing composition. How- 
ever, it is possible, by using the greatest of care and ob- 
servation, to pour regular metal by this method, but its 
use is recommended only for operators with sufficient 
skill and experience to understand the varying condi- 
tions of temperature and slags. The author uses this 
method for all casting work requiring high tests, and on 
one certain specification covering approximately 100 heats 
only missed two silicon percentages, and then by such 
small fractions that the metal proved thoroughly satis- 
factory. 

The second and third methods are on a par as re- 
gards the quality of' the metal, and the ladle addition is 
preferred except on heats where cold pouring is used. 
When the silicon is added to the furnace there is always 
the possibility that part may be absorbed by the slag, 
leaving insufficient to alloy the metal. This is especially 
true of heats where the slag is rather thin, or in heats 
where an unforseen delay holds up pouring for several 
minutes. In adding to the ladle, the silicon is placed in 
a bag, and thrown directly into the stream when the 
ladle is about one-third full. The alloy being small size, 
and of a much lower melting point than the steel it 
is melted quickly, the churning of the metal diffusing it 
throughout the steel. If the ladle is held for several 
minutes to allow any deoxidation products to come to 
the surface, first class metal is assured. 

As the general pick up of silicon during reduction is 
about 0.05 to 0.10 per cent, without its increase becom- 
ing apparent, the percentage in the metal can be figured 
as 0.10 to 0.15 per cent, requiring an addition in the ladle 
of only 0.15 to 0.20 per cent. As this amounts to only 6 to 
8 pounds per ton of the 50 per cent alloy, it is apparent 
how easily this addition will combine. The author has 
examined a great number of heats made in this manner 
for differences in composition, by taking tests at vary- 
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ing periods of the pouring, but seldom found any segre- 
gation of silicon, although the percentage of silicon in 
a hot heat always will increase, due to the reducing ef- 
fect of the metal on the slag and the brick of the ladle. 
As this amounts to only a few hundredths of one per 
cent it is negligible as regards any effect on the steel 
itself. 


The Effect of Silicon 

While there is constant argument regarding the ef- 
fects of silicon on casting steel, the writer has been un- 
able to find such effects. While the generally accepted 
range of silicon in steel castings is from 0.25 to 0.35 per 
cent, no great change was found in the strength, elonga- 
tion, or general casting characteristics on steel pouring as 
high as 0.70 or 0.80 per cent silicon. On certain types of 
castings from 0.50 to 0.60 per cent silicon is specified 
regularly. We hear a great deal about castings cracking 
if poured with high silicon metal, especially if the tempera- 
ture of the steel is high. Heats have been poured where 
from 55 to 60 molds were cast from 3 tons of metal, the 
silicon being in excess of 0.60 per cent, and no cracks 
caused by the composition of the metal were found. If 
the method of gating and heading the castings is care- 
fully examined, the fault in the great majority of cases 
will be found in insufficient allowance being made for 
shrinkage strains, or some part binding, and allowing 
the metal to tear while shrinking. 

While certain figures are often shown as expressing 
a set ratio of melting to refining on certain types of fur- 
nace, these are at the best only rough approximations. 
To determine if such a figure could be consistently ob- 
tained, close observations were made on a number of heats 
as melted in a three-ton furnace. With two heats a day, 
refining required 25 to 40 per cent of the current con- 
sumed in melting. 



MANGANESE STEEL 


M anganese steel fails among the true alloy steels, 
but the rapid increase in its manufacture during 
the past few years has made it a steel of such im- 
portance that data covering this metal should be offered 
independently. 

Manganese steel first was brought to light in England 
about the year 1888, through an extensive set of experi- 
ments made in the plant of the Hadfields, Ltd., Sheffield. 



Fig. 33 — Influence of the Variation in Manganese Upon the >Phy- 
sical Properties of Steel 

These demonstrated that manganese, added to steel in 
large amounts, conferred upon the metal unusual prop- 
erties, differing widely from those accepted as standard. 
The first castings of manganese steel were made in this 
country in 1892. Since that time the manufacture of 
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this class of castings has increased until the present 
capacity of this country is approximately 70,000 tons a 
year. 

This metal, due to its peculiar properties requires 
strict specialization. Probably four to five companies 
make at least 95 per cent of the tonnage used in America. 
The difficulties attending the commercial manufacture 
of this steel are many, and are not generally understood 
by the foundryman. Differing greatly in its properties 
from ordinary carbon steel, the attempt to enter this 
field by inexperienced operators has been the prime cause 
of several failures in the steel casting industry. 

Manganese steel, properly made and treated, offers 
a metal of unusual characteristics. Its main point of 
superiority over plain steel is in its great toughness and 
resistance to wear. As a consequence, it is finding wide 
use for parts subject to shock or in castings for uses 
where resistance to abrasion is needed. Some of its most 
prominent uses are in ball mills, brick making machinery, 
cement, clay and miscellaneous crushing mills, dredge boat 
and bucket parts, crane, truck, gear and sheave wheels and 
in frogs and rails. 

While the greater portion of the tonnage made is 
used in the form of castings, it also finds wide use in 
forged or rolled products under which treatment it shows 
an increase in strength similar to carbon steel. Man- 
ganese steel, when cast and treated, has the following 
properties : 


Tensile strength, lbs. per sq. in 100,000 to 110,000 

Elastic limit, lbs. per sq. in 50,000 to 55,000 

Elongation, per cent in in 35 to 40 

Reduction of area, per cent 36 to 40 

Brinell hardness 180 to 200 

Scleroscope 40 to 50 


The influence of the percentage of manganese on the 
physical properties is shown in Fig. 33. Naturally, a steel 
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of such a character finds wide use. Great amounts are 
shipped to all parts of the world, from the gold mines of 
Alaska to the great dredges of South Africa. The great 
work of building the Panama canal was made possible by 
the use of manganese steel. 

Manganese steel is practically non-magnetic, and for 
this reason finds wide use in the protecting plates used 
for electric magnets. Most of the steel parts on the 
famous North Pole, non-magnetic .ship, were made of this 
steel. 

While a manganese steel is extremely resistant to 
wear it does not owe this property to its hardness, as is 
shown by tests made on both the brinell meter and the 
scleroscope. The toughness appears to be due more to 
its great molecular cohesion, causing the particles to flow 
rather than tear loo.se from each other. Its hardness 
is lower on the outer skin due to oxidation of carbon. 

Until the past few years, manganese steel was made 
from converter metal according to the method first pur- 
sued by Hadfields. A low phosphorus, low sulphur pig 
iron was used in the cupolas, this iron being blown dead 
in the converter. To this low carbon steel, ferromangan- 
ese was added in the molten condition in sufficient amount 
to give the desired percentage to the steel, this figure 
ranging from 11 to 13 per cent manganese. The steel 
was blown as hot as pos.sible, and only given a few min- 
utes in the ladle to mix before pouring. Naturally, this 
steel was of a quality .similar to ordinary converter steel 
regarding the amount of dissolved oxide, carbide condi- 
tions, etc. 

The manganese was melted either in a crucible or in 
a special cupola, the crucible being preferable due to the 
lower loss of manganese entailed in melting. While man- 
ganese steel of good quality was made by this method 
certain disadvantages were encountered, the most impor- 
tant being the difficulty in remelting the old heads, gates, 
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spill, ladle skulls, etc. For this purpose air furnaces were 
used similar to the modern open-hearth furnace, but with- 
out any system of regeneration. While such furnaces 
proved capable of melting the steel in a satisfactory 
manner, this process resulted in a further loss of man- 
ganese by metal shrinkage which allowed the carbon 
percentages to raise the figures higher than desired. This 
resulted in metal of more or less irregular composition, 
and for a long time many purchasers refused to buy 
manganese steel made from old scrap. This naturally 
threw a heavy burden on the manufacturer to get rid 
of his old shop scrap, and many hundred tons of this steel 
was piled away, subject to the discovery of a practical 
method of reclaiming this waste material. 


Enter the Electric Furnace 

When the electric furnace first began to assume 
prominence in the manufacture of steel castings, it was 
hailed as the cure-all of manganese steel making. Ex- 
periments naturally followed but at first, due to the lack 
of experience of electric furnace melters, results were 
poor. The same also was true in making the common 
grades of carbon steel castings during the early days. 
However, as time passed the electric furnace proved itself 
and manganese steel entered upon a new era. In 1918 
several electric furnace installations were making man- 
ganese steel along with their ordinary grades of castings. 
In that year the American Manganese Steel Co., one of 
the pioneers of the industry in this country, placed in 
operation a new shop on the Pacific Coast using the basic 
electric furnace exclusively. From their data of the 
operation of this shop, it was seen that this method of 
manufacture was by far the most logical, these facts 
resulting in a complete change to the electric furnace in all 
the company’s plants. Since that date there have been 



Manganese Steel 

several other installations expressly intended for making 
this metal. 

If manganese steel, as made in the converter, was 
good metal the castings as made in the basic electric 
furnace might be well considered as much superior, due 
to the great advantages of the latter process of manu- 

Table XXV 

Thermal Efficiency of Furnace on Manganese Steel 

IJHine following formula: 

■Weicht of steel m Kg X Bpeciflc heat, latent heat of fusion 

Kw Hr used X calories per Kw. Hr. 

With 20 as latent heat of fusion , 470 as specific heat of steel ; GOO as specific 
heat of basic slag, slag equals one-tenth of steel by weight: and 1 Kw. Hr. 
equals 860 calories. While 336 to 360 as specific heat for steel, and 636 for 
slag would probably have been more correct, the figures given were used due to 
the extreme temperatures to which the metal and slag are healed in pouring these 
heats for small sized castings The following values were obtained. 


I’er cent 

Thermal efficiency of furnace .... , f,3 0 

Total heat utilized in furnace . . 69 6 

Total heat in steel . , 53 0 

In slag . . . f . (, 6 

In cooling rings . , 2 66 

Electrode holders . 1 q2 

Transformers . . 1.23 

Overcoming cold furnace, and radiation .. 34.70 

Losses m cooling water on the roof rings, electrode holders, and transrorniera 
were obtained as follows: 

Degree C. 

Water to transfornior . . 19 8 

To holders . . 22 6 

From No. 1 holder .. . , . 26 3 

From No. 3 holder , 27.3 

Temperature could not be obtained on No 2 holder due to a drain pipe being 
in the way. 

Degree C 

From No, 1 ring 31 2 

From No, 2 ring .... 32 7 

From No 3 ring . ’ .32 9 

No. 1 ring, . 1 liter water in sec, or 14 Kg jier min. 

. No 2 ring 1 liter waUr in A sec., or 15 Kg per min 

No. 3 ring 1 liter water m A'/, sec , or If Kg per nini 

Total ... 43 Kg per min 

Transformer 

(Temp water to holders - - temp water to transformers) X total kilograms 
equals calories per min. 

(22 — 19 8) X 43 ~ lie calories per min 

Holders 

(Temp, from holders — temp to holders* X kg eqiiAls calories per mm. 

No. 1 (28.6 — 22.6) X 14 — 53 cal per mm. 

No. 2 (averaged) — 60 cal. per min 

No. 3 (27.8 — 22 6) X 14 — 67 cal. per min 


Total 


180 cal. per min. 
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Rincs 

(Tctiij). from rinjrs -- temp from holders) X kjr eijiials ral per mm 
No 1 ring (31.2 — 20 3) X 14 = fi9 eal per min 

No. 2 ring (32 7 -- 22 5) X 15 ^ 93 cal. per min 

No 8 ring (32 9 — - 27.3) X 14 — 78 cal. per min 

Total 240 cal per min. 

IKi X (lO 

Transformer — 8 Kw Hr 

860 

180 X 60 

Holders: 12 Kw Hr 

860 

240 X 60 

RiiUjs • — 16 6 Kw. Hr. 

8(i0 

Total 36 6 Kw Hr 

4000 amp X 101 volts X 0 00 power factor X 1 71 - 650 Kw 

Summary 

K 

Trunsfonier loss — — 1 23 per cent 

650 
12 5 

Holder loss. - 1 93 per cent 

650 
16 6 

Ring loss : = 2.53 per cent 

650 

Total water loss 5 70 per cent 

facture. The thermal efficiency of an electric furnace 
melting manganese steel is given in Table XXV. 


Basic Furnace Offers a Minimum Loss 
The basic electric furnace offers a satisfactory solu- 
tion to every problem met in converter practice. The 
first of these is its power of absolute deoxidation. In the 
electric furnace this is effected under a heavy lime slag, 
and offers a minimum of loss of the costly alloy, man- 
ganese. The second is the ability to hold the metal for 
almost indefinite periods without excessive changes in 
composition, making it possible always to obtain regular 
analyses, as the metal may be satisfactorily held awaiting 
the chemist’s verdict. The third point is that of being 
able to control the temperature closely without resorting to 
holding in the ladle. The latter practice is likely to con- 
taminate the metal by the formation of slag, caused by its 
corrosive action on the refractories of the ladles. The 
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fourth and greatest point is its ability to make excellent' 
metal by remelting old manganese steel scrap, without 
any appreciable loss of the alloy. 

When the first manganese steel was made in the 
electric furnace, the furnace was lined in the standard 
manner, with a silica roof, and with common magnesite 
brick up above the slag line. The hearth was made of 
burned in magnesite, and both magnesite and dolomite 
were used for patching purposes. It soon was found 
that this latter material was not at all satisfactory for 
patching. While it proved acceptable during the steady 
operations over a week’s run, it always tended to dis- 
integrate over the Sunday shutdown. This deposited a 
lot of loose material on the hearth which always tended to 
give trouble on the first heat of the week, by giving a high 
magnesia content in the slag, with its attendant high vis- 
cosity and difficulty in clearing. Furthermore, where 
this patching dropped it left holes, and voids, with more 
hearth trouble than should have been encountered. As 
soon as a good grade of prepared magnesite was used 
this trouble was eliminated. 

Method of Lining Furnace 

With silica side walls, trouble was experience by the 
metal splashing against the banks, and rapidly eroding 
the silica brick, especially opposite the arcs where the 
walls were the hottest. This resulted in shutting down 
the furnace frequently to reline, the customary procedure 
being to repair the furnace over the week end, this being 
done every two weeks, and often after only a week’s 
operation. Consequently, this proved to be rather expen- 
sive and steps were taken to find some refractory which 
would stand up under the severe service imposed. After 
trials of miscellaneous refractories' a metal encased brick 
was found to solve the problem. While the first cost 
was considerably higher, it was found that such a lining 
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would stand up for from 6 to 8 weeks operation, and then 
a large part of the brick ends could be used again. Since 
that time this method of lining the furnaces has been 
standard. 

Since adopting magnesite lining, better results have 
been obtained from the slags. Formerly, trouble was 
experienced with silica running into the slags from the 
walls, and so contaminating them that they were cleared 
with great difficulty. With no silica present, outside of 
the roof, heavier lime slags with their greater basicity, 
and consequent better alloy reclaiming facilities can be 
used. It is found that there is a considerable saving in 
time necessary to bring the slag to carbide conditions. 
Also, it is found that these heavier lime slags cut down 
the manganese loss when remelting old shop returns. 

Melting Processes Available 

Disregarding for the present the remelting of man- 
ganese steel scrap, four choices of a melting process are 
available. These are : 

1. The metallic charge of soft steel scrap can be 
melted under an oxidizing slag, the slag removed, a second 
slag added, and cleared under heavy reducing conditions, 
exactly as if a heat of carbon steel was being made. When 
the slag has reached its proper carbide condition, and 
powders upon exposure to the air, the ferromanganese 
can be added in lots of several hundred pounds at a time, 
the bath brought to its proper temperature and tapped. 

2. The heat can be run as mentioned but adding the 
manganese immediately after slagging off, then adding 
the final slag and finishing. 

3. The heat can be melted, the manganese added, and 
the steel finished under its first slag. 

4. The ferromanganese can be added with the 
charge, and the steel finished under one slag. 

While the first two methods often are used, and 
prove to be satisfactory, there are two main objections 
to their continued use. First, there is a direct loss of at 
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least 0.05 per cent manganese consisting of the alloy com- 
bined in the slag as the oxide, which is wasted when run 
from the furnace. Further, approximately double the 
amount of slag making materials — lime, spar, and sand — 
are required. This amounts to a considerable item in a 
year’s time. 

The fourth method seldom is used, it being too dan- 
gerous for consistent operations. While the amount of 
manganese lost could be kept low by using heavy lime 
slags, there always is the danger of carbon being picked 
up in undue proportion, usually by an electrode breaking 
off. Naturally there could be no lowering of the carbon 
without first cutting down the manganese, and the heat 
would have to be cast into a low grade product or 
scrapped. 

Consequently, the third method is finding the widest 
use, especially in shops where manganese steel is the 
main product. This method offers a distinct saving in 
that the manganese in the raw scrap is largely recovered 
from the slag when placed under reducing conditions. 
While this only amounts to a few tenths of one per 
cent, the saving in ferromanganese over any length of 
time constitutes an important item. 

The One Slag Pt'ocess 

The furnace is charged in exactly the same manner 
in making a heat of low carbon steel, the scrap being 
arranged for economical melting, and no ore being added, 
unless there is a good reason to believe that the analysis 
of the charge is such as to give a high carbon on the melt 
down. No lime is added with the charge for the same 
reason as given before — the great tendency to raise the 
hearth level. 

In making up the charge it must be remembered that 
the later manganese addition will constitute approxi- 
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mately one-sixth of the initial weight of scrap charged, 
so that only about six-sevenths of the weight of metal 
desired must be charged at the start. 

As soon as the charge begins to melt, and a slight 
pool of metal is formed on the hearth, the lime can be 
added. At this point only enough lime should be added 
to furnish protection to the steel from surface oxidation, 
and to give sufficient slag to assure the furnace pulling 
a steady load, a bare bath being conducive to heavy surg- 
ing of the power input. As soon as possible a metal test 
should be taken, and tested by any of the standard meth- 
ods for its carbon content. It is not necessary for a 
chemist to make this preliminary unless desired, as it is 
so easy for the melter to tell by fracture whether his 
steel is under 0.10 per cent or not. 

If the test shows higher than this, ore should be 
added and the bath boiled until the desired condition > 
are obtained. If the charge was composed of ordinary 
grades of soft steel scrap it should always melt down 
under this figure, unless there has been some electrode 
trouble, or miscalculation in the selection of scrap. 

At this period of the heat a condition similar to a 
heat of carbon steel is found. The metal is heavily oxi- 
dized having an approximate analysis of carbon, 0.05 
per cent; silicon. 0.01 per cent; manganese, 0.04 per 
cent. The slag is thin and black, being heavily charged 
with the oxides of both iron and manganese. 

The second slag now is added consisting of approxi- 
mately 2 per cent of the charge, burned lime, and about 
20 per cent of the lime, gravel or crushed fluorspar. 
After being allowed a few minutes under the arc to heat, 
this slag is well rabbled to thoroughly mix up the old 
slag with this fresh addition. It then is given a heavy 
dusting of ground coke and the furnace sealed as closely 
as is possible. 

The slag now will be either a black, or a dark brown, 
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due to the large percentage of oxides contained, but soon 
will turn to a lighter color. As soon as the metal becomes 
hot enough so that it will not chill upon the’ addition of 
the ferromanganese, this alloy may be added. The usual 
method is to add approximately 100 pounds at a time 
placing the alloy on the sill just inside the door, and 
allowing to remain there for at least two minutes before 
shoving it into the bath. This is repeated alternately 



Fig. 34 — Course of Slag Changes in Melting Manganese Steel 

from both doors until the entire addition has been made. 
During this time the metal has been heating and after 
the final addition only a few minutes are required for the 
steel to reach tapping temperature. 

As soon as this heavy charge of manganese is added, 
the slag will turn quickly to either a deep blue, or a green, 
depending upon the amount of manganese which enters 
the slag. Any oxides present in the steel will be elim- 
inated quickly and as reduction proceeds and the metal 
heats up this manganese in the slag, together with the 
oxides of iron, will be reduced, their metallic constituents 
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passing back into the steel. The course of such a slag 
is shown in Fig. 34. 

Different Method of Treatment 

To this point the description of the manufacture of 
manganese steel has paralleled that of plain carbon heat. 
From here this metal differs in its treatment. In ordinary 
steel heats, a carbide slag is formed at this time, and 
the metal is deoxidized by its strong reducing action. 
However, with manganese steel, due to the large percent- 
age of manganese contained, it is difficult to obtain a 
carbide slag, although in certain instances the slag will 
powder on exposure to the air. While the content of 
manganese and iron oxides in the final slags from carbon 
steel are extremely low, in making manganese steel it is 
unusual for these constituents to be much under 2 to 4 
per cent for manganese, and 7 to 10 per cent for the 
iron. Naturally, if the melter waits for the slag to turn 
into the carbide condition he is likely never to finish the 
heat. Often, heats of excellent steel may be poured under 
slags of a distinct green color, and containing as high 
as 5 to 7 per cent metallic manganese. 

The following shows the analysis of a slag which 
partly powdered on exposure to the air: 



1:00 

2:00 

2:10 

2:45 


P. M. 

P.M. 

P.M. 

P.M. 


Dark 


Light 

White 


Brown 

Brown 

Brown 

Powder 

Silica, per cent 

28.02 

34.70 

33.50 

33.60 

Iron oxide and aluminum oxide.. 

20.70 

16.00 

10.00 

9.40 

Lime and magnesia 

48.38 

49.49 

56.45 

58.42 

Manganese oxide 

7.02 

4.45 

3.75 

1.59 


Some slag losses on other heats are as follows, the 
slags being of green of various shades, ranging from a 
light pea green to a dark sea blue in color: 
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Manganese in Steel 
Per cent 
10.53 
11.11 
11.92 
11.65 
11.26 


Manganese in Slag 
Per cent 
6.47 
6.67 
2.79 
1.23 
3.91 


Slags continuing from 8 to 10 per cent manganese 
usually will be green or blue in color; those from 6 to 8 
per cent, dark brown; 4 to 6 per cent, light brown; and 
2 to 4 per cent, a light brown or whitish gray. Of 
course, exceptions to this rule will be observed but these 
occurrences have been found on several hundred heats. 


As the slag oifers little aid in judging the quality 
of the metal, recourse must be had to another method, 
that of using the metal itself as the indicator, regardless 
of the condition of the slag. Only one point wull be men- 
tioned in regard to slag manipulation. That is, the slag 
should be kept as thick and limey as possible during this, 
finishing to conserve as much manganese as possible. A 
slag tending toward the acid state always holds a much 
greater percentage of manganese in combination than 
a slag of strong basic character. Furthermore, reducing 
conditions proceed better, and the metal heats faster under 
the thick lime slag, than under one tending toward the 
glassy state. 

In making carbon steel this feature can be handled 
by taking a test, breaking it, and noting the solidity. 
If gassy, or wild, the metal is unfinished. If thoroughly 
solid, the heat can be poured. With the high percentages 
of manganese in manganese steel such a procedure is out 
of the question, for with such a quantity of this oxygen 
destroying element present it would be impossible for 
the metal to contain blow holes. However, if a test taken 
here shows solid this is absolutely no indication that the 
metal is finished, or in any condition to pour. This man- 
ganese was added to a steel which was heavily impreg- 
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nated with oxides. Naturally, the first reaction will be 
that the manganese will combine with all the free oxides 
present, and cleanse the steel from these impurities. An 
additional amount of oxides is present at this time, ac- 
tually dissolved in the metal, which will not react at first 
with the manganese. As soon as all the free oxides are 
removed, the steel will show solid, but if it were poured 
containing this amount of dissolved oxides, the result 



would be a heat giving a large proportion of cracked 
castings, due to the influence of these impurities during 
the period of solidification. 

Therefore, the point of importance is how to tell 
when these oxides have been* removed from the metal. As 
the steel heats up it becomes more fluid, and is naturally 
under heavy reducing conditions. These points allow the 
manganese gradually to absorb all of this dissolved oxide, 
and free the metal. This generally occurs by the follow- 
ing steps: 
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1. Heat of carbon steel containing a large propor- 
tion of oxides. 

2. Manganese of approximately 13 per cent added. 

3. All free oxides combine with the manganese as 
MnO, and pass into the slag. 

4. Heavy reducing conditions in slag break up this 
oxide allowing the manganese to be freed and pass back 
into the metal. 

5. Metal solid at this point. Slag green. 

6. Metal heating and slag reducing. 

7. As soon as slag begins to get low in manganese, 
this element becomes active in the metal and gradually 
exerts a sufficient influence on the dissolved oxides to free 
them from their combination with the iron. 

8. These dissolved oxides gradually are freed from 
the metal leaving it in a finished condition. 

To follow these actions, a special test piece is poured 
at intervals during the finishing. This is a piece approx- 
imately 12 inches long, and 1/2 by 'Yi. inches, poured on 
end in a sand mold made by pasting two cores together. 
As soon as solid, this bar is water quenched, and bent 
until broken. The mold and breaking block are shown in 
Fig. 35. 

The first test taken after all of the manganese is 
added probably will bend only 90 degrees before break- 
ing, the fracture having more or less of a granular ap- 
pearance, and in the majority of instances will show 
colored streaks, indicating an oxidized state. However, 
as reduction proceeds, this test will begin to show a larger 
degree of bend, and the fraction will assume a silky ap- 
pearance, being a silvery white, and absolutely free from 
any trace of color. When this point is reached the metal 
is satisfactory and may be poured. 

Manganese steel as often described, consists of an 
iron alloyed with manganese, carbon, . silicon, phosphorus 
and sulphur. The amount of this last named element 
of course is negligible, for its removal is almost absolute 
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in the presence of such a large amount of manganese. 
The manganese sulphide formed rises to the surface 
where it bums off rapidly as sulphur dioxide. 

The amounts of manganese mentioned vary from 10 
to 13 per cent, and as might well be imagined, this wide 
variation offers distinct changes in its properties. Also, 
it often has been stated that a manganese steel must be 
as low in carbon as possible, that its ductility may remain 
high. Figures given have stated that the ratio number 
should remain as high above 10.00 as can be had, this 
figure being obtained by dividing the percentage of man- 
ganese in the steel by that of the carbon. 

The following figures illustrate this point: 


Series 1 

Series 2 

Series 3 

Percentage 

Percentage 

Percentage 

C Mn 

C 

Mn 

C 

Mn 

1.01 11.26 

1.07 

11.75 

1.22 

12.01 

1.00 11.06 

1.11 

11.92 

1.18 

12.30 

.95 10.86 

1.00 

11.39 

1.15 

12.42 

.90 10.53 

1.05 

11.54 

1.17 

12.84 

.93 11.11 

.97 

11.92 

1.16 

12.62 

.99 10.82 

1.04 

11.44 

1.32 

13.07 


1.12 

11.63 

1.35 

1.24 

13.93 

12.77 


The averages are: 

Series No. 1: Carbon, 0.96 pei cent; manganese, 10.94 per 
cent; giving a ratio of 11.40. 

Series No. 2: Carbon, 1.05 per cent, manganese, 11.61 per 
cent; giving a ratio of 11.00. 

Series No. 3: Carbon, 1.22 per cent, manganese, 12.74 per 
cent; giving a ratio of 10.40. 

All of these three groups fall within the allowable 
analysis. All have a higher ratio than 10.00, yet there are 
great differences in their physical properties. 

All of the steels in series No. 3, bent cold on the 
standard test bar bend 180 degrees without any appear- 
ance of a crack on the bent area. The steels in series No. 
2 only bent about 120 degrees before beginning to show 
incipient cracks; while series No. 1 gave only the same 
results at about 90 degrees. As this bend test is a stand- 
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ard comparison of ductility, it is easy to see where the 
above mentioned specifications could be met, and at the 
same time be filled with a steel of lower quality than de- 
sired. 

The author has followed this point carefully on sev- 
eral hundred heats and always has found the following 
points to hold true: 

A manganese steel containing under 11.00 per cent 
manganese always will fail on the bend test at some point 
between 90 and 120 degrees, regardless of the percentage 
of carbon, or the carbon-manganese ratio. 

A manganese steel containing from 11.00 to 12.00 
per cent manganese always will fail at some point be- 
tween 120 and 180 degrees, regardless of the ratio or 
the percentage of carbon. 

A manganese steel containing from 12.50 to 14.00 per 
cent manganese always will bend flat on itself, or 180 de- 
grees, without any appearance of cracks, regardless of 
the carbon content or the ratio. While this gives a large 
leeway the higher percentage is not essential, a manga- 
nese of 12.50 per cent giving equal results with one of 
14.00. 

Therefore, in specifying manganese steel for parts 
where extreme ductility and resistance to shock is de- 
sired a percentage of manganese betwetm 12.50 and 14.00 
per cent should be demanded. 

Gives Higher Limit 

Manganese steels between 7.00 and 10.00 per cent 
manganese will have a higher elastic limit with a greater 
resistance to flowing under pressure, than the steels of 
the analysis, mentioned, but at the expense of ductility. 

This specification also must include the fact that the 
carbon manganese ratio must not exceed 10.00. While 
it is comparatively easy to make steel fulfilling these re- 
quirements, it must be remembered that a certain amount 
of experience is necessary to keep the carbon down and 
the manganese up. If there were no ratio called ,for 
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manganese steel could be made cheaper than at present, 
but the higher amounts of carbon present would be like- 
ly to cause difficulty in cracking during solidification. 
Often these cracks are interior ones, not apparent to the 
eye, and only come to light as a failed casting after the 
steel is placed in service. 

The percentage of silicon present in manganese steel 
runs from 0.30 to 0.80 per cent, and varies greatly due to 
the percentage reduced from the slag. The ordinary 
addition before pouring is approximately 0.40 per cent. 
From the results of many tests it is not evident where 
silicon plays any part at all in this metal, outside of its 
final de-oxidizing powers. The writer has seen tests on 
different steels running from 0.15 to 2.00 per cent sil- 
icon give results so close that no difference could be noted. 

However, the percentage of silicon should be kept 
between some such percentages as 0.30 to 0.60 as higher 
percentages in certain instances might influence the de- 
composition of the carbides of iron and manganese dur- 
ing the treating process. This is purely speculation an- 
ticipated by the action of silicon in the manufacture of 
black heart malleable which manganese steel closely par- 
allels in several points. 

Shop Scrap Camc^i Dijficidties 

Making manganese steel with soft steel scrap and 
ferromanganese is comparatively simple, but when it 
comes to using up the old shop scrap, difficulties often are 
encountered. A great deal of experience is I’equired if 
good steel of regular composition is to be made using 
shop scrap. Practically, it is impossible to segregate the 
shop scrap by heats, as this would take up too much val- 
uable space. Consequently, this scrap either must be 
used as made or allowed to pile up until sufficient quan- 
tity is on hand. 

From experience it is preferable to allow the heads 
and gates to pile up until sufficient is on hand to make a 
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heat containing from 50 to 75 per cent of this alloyed 
scrap. A heat containing this amount is easier to make 
than one of 100 per cent, although many fine heats have 
been made with a complete charge of old material. Using 
the scrap each heat requires more time and effort, and it 
is better to use one heat of large proportion than five or 
six containing smaller amounts. It is no harder to make 
a good heat from 75 per cent returned scrap than it is 
from 15 per cent. 

The method of operating the furnace on these heats 
is similar to making the metal from carbon steel scrap 
with the following exceptions: 

The greatest of care must be exercised to prevent 
any electrode breakage, or any condition which would 
tend to raise the carbon in undue proportion, for if a high 
carbon is obtained it is impossible to lower it in the pres- 
ence of such an amount of manganese. 

No reliance can be placed on fracture tests, as re- 
gards the percentage of carbon present, for in the pres- 
ence of over 2 or 3 per cent manganese, a fracture can- 
not l)e read with any degree of accuracy. Melters have 
claimed they could read the carbon on a manganese steel 
test, but as yet the author has to see one who can back up 
his boast. Several have failed miserably when actually 
confronted with the test. 

Greater care must be exercised in keeping the slags 
as heavy vin lime as possible, and yet in a fluid condition. 
This prohibits any additions of sand, and if too thick, 
fluorspar always must be used for thinning. 

Ground coke to reduce the slag must be used with 
discretion as any careless additions are likely to penetrate 
to the metal and raise the carbon. Consequently it is 
seldom that a heat of returned scrap finishes under a 
white, powdering slag, the finishing slag usually being of 
a greenish blue. 

Consequently more reliance must be placed on the 
appearance of the metal tests, and their degree of bend- 
ing. 

There seems to be no special manner in which the 
shop scrap should be charged, tests made giving equal re- 
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suits regardless of the position in which the scrap was 
placed. The character of the scrap, regarding its oxidized 
condition, is important, and the greatest care should be ex- 
ercised to charge as clean scrap as can be had. Naturally, 
this follows if the chemical reactions involved in the melt- 
ing of this steel are considered. 

If a heat containing 75 per cent shop scrap is 
charged, the approximate analysis of the charge in man- 
ganese will be from 9 to 10 per cent. It is impossible 
to lower the carbon greatly by the oxidizing action of rust, 
the result being that a great amount of the manganese 
is thrown into the slag. The less oxide present the less 
manganese in the slag, and the easier it is to clear this 
slag when reduction starts. Many experiments were con- 
ducted to investigate this point, and it always was found 
that the cleaner the scrap, the better the operating fig- 
ures, and the higher the quality of the steel. It was found 
in many cases that it was economical first to place the 
charge in a rattler and free it of adhering scale before 
placing in the furnace. 

The furnace being charged the current is thrown on, 
and the heat melted down as for any other class of steel, 
the only different point being that slightly larger amounts 
of lime are used at first. This is to supply some medium 
which will carry the large amount of oxides produced, and 
tend to prevent them from dissolving in the metal, which 
would be the case were no such medium present. As soon 
as the steel is melted, the walls are raked clean, and a 
test sent to the chemist for analysis of carbon and manga- 
nese. The result of his test will determine how heavy 
an addition of coke can be made for reduction purposes. 

As the metal gets hatter, more lime and spar are 
added, and the slag given a good dusting of coke. More 
or less of this coke may be added depending on the manga- 
nese-carbon ratio. The doors are sealed tightly and re- 
duction commences. Tests should be taken at intervals 
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to check this action. During this period the slag will 
change from a dark green, to one of a lighter color, but 
rarely will show white. When a slag of constant color is 
obtained, usually a pea green, the remainder of the manga- 
nese required, calculated from the previous analysis, cor- 
rection being taken for future reduction, is added in the 
form of the ferro, and the finishing of the heat begins. 
See Appendix Tables 14, 15 and 16 for logs of manganese 
steel heats. 

Metal tests first taken will show a heavy degree of 
color on fracturing, the colors ranging from violet, blue, 
green, and to the different shades of red. The first bends 
usually will be poor. However, as soon as the reduction 
begins to cleanse the metal, these conditions will change. 
The tests will give a greater degree of bend, and the frac- 
ture gradually will free itself of any color, and will, upon 
attaining its finished state, have a clear fracture, with 
the soft texture, and silvery lustre of a water quenched 
tool steel. Such a metal is in condition to pour. 

During the finishing period, the viscosity of the slag 
will change, due to the large amounts of oxides being re- 
moved from combination, and much manipulation is nec- 
essary to keep this slag in a free flowing, liquid condition. 
This will necessitate frequent additions of either lime or 
spar, together with as much coke as is allowable. When 
the steel gets to the point where a good finished bend is 
obtained, another test should be sent to the chemist for 
his final analysis, and no heat ever should be poured with- 
out such a final safeguard. Some tabulations of manga- 
nese scrap charges are given in Table XXVI. 

Ore as a Deoxidizer 

When ore, or mill scale is used to cut the carbon it 
is known that the manganese also is oxidized, and goes 
into the slag as MnO. Therefore, it was decided to try 
manganese ore in place of the iron oxide. Theoretically 
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Table XXVI 

Tabulations of Manganese Scrap Charges 


Manganese scraji 
per cent 

50 0 

70 0 

80 0 

70 0 

50 0 

Condition 

Rusty 

Rusty 

Rusty 

Rattled 

Rattled 

How Charged 

Center 

I’op 

'I'op 

Center 

Center 

Current on 

8 45 am 

‘) 55 am 

3 35 pm 

3 35 pm 

1 IS pm 

Contact (pool) 

15 

10 05 

6 05 

1 00 

1 40 

Melted 

11 10 

1 15 

7 55 

6 15 

3 45 

'I’apped 

12 15 

2 20 

0 00 

8 05 

6 15 

Total time 

1 30 

4 45 

5 25 

4 50 

5 00 

First charge 

Manga nest ore 

none 

12 00 

6 55 

4 55 

2 45 

Scale 

10 55 

II 05 

6 4 5 

6 05 

3 45 

CaF 

11 20 

12 50 

6 55 

5 35 

3 55 

Lime 

•1 5 5 

11 05 

7 00 


3 05 

Sand 

11 15 

1 05 

7 25 

6 55 

4 25 

Coke 

11 15 

12 55 

7 35 

6 5 5 

4 25 

Ferrosilicon 


2 05 

8 55 

7 00 

4 35 

'I'otal pounds 

Manganese ore 

none 

60 

60 

170 

ISO 

Scale 

60 

50 

50 

f)5 

80 

CaF 

20 

15 

25 

40 

40 

Lime 

85 

145 

l‘)0 

215 

250 

Sand 

15 

50 

25 

25 

15 

Coke 

85 

155 

85 

no 

120 

Ferrosilicon 

51) 

25 

25 

50 

45 

Ferromanganese 

650 

552 

324 

5‘)5 

610 

Final slag 

Final temp (skm li st) 

60 sec 

40 stc 

Light 
(In rn 

60 sec 

Light 

(Irecn 

40 sec 

Bluisli 

(Irccn 

45 sec 

Manganese pi r cini 

theoretical 

15 45 

1 5 V) 

14 14 

13 22 

15 25 

Manganese per cent 
actual 

13 25 

11 86 

12 14 

12 55 

12 50 

Carbon per cent 

1 50 

1 25 

1 55 

1 V) 

1 2' 

Side Walls. 

Befoi e 

OK 

’riiiii 

riiin 

OK 

OK 

After 

OK 

'I'll in 

I'hin 

C.1IL 

Cut 

Hearth 

Before 

Hole 

OK 

OK 

OK 

OK 

After 

Hob 

OK 

OK 

OK 

OK 

Metal tapped 

64 50 lbs 

5655 lbs 

6010 lbs 

6200 lbs 

6400 lbs 

Kw Hrs 

2500 

2500 

2500 

5000 

3000 

Per ton 

812 

887 

883 

1)68 

938 

n'lme per ton 

1 05 hr 

1 10 hi 

1 50 hr 

1 25 hr 

1 55 hr 


The ftilldWiUK tlala cover S6 heats of inter. nit tent operations 
Average pour of tiiclnl, 6708 pounds, or f IS! tons 
AvcraKc charge, 6*^42 pounds, or 3 471 tons 
Melting loss, 234 pounds, 0 117 Ion, or 2 S? pei tent 
Anragc time of heat, 5 hours, 26 minutes 
Kilowatt-hours per ton of steel poured, 1002 
Kilowatt-hours per ton poured on hist heat of day, 1055 
Kilowatt-hours per ton poured on second heal of day, ‘H8 
Highest kilowatt-hours per ton of steel poured, 1385, lowest, 700 
Average manganese loss from total charge, 2 16 per cent 
Average manganese lost fiom ferromanganese, 1 26 per tent 
Average niangaiicst cfTcLtivt from alloy, Og 74 per cent 
Avtrage manganese in chaigc, II 80 per tent 
Average manganche in steel, 11 63 per tent 

Average preliminary tarbon using no shop scrap, 0 10 per rent 
Using small amounts of shop strap, 0 26 per cent 
Average tonnage, 0 18 per cent 

Average pickup from 100 pounds manganise, 0 0'f6 pei ttnl 
Average mangaiicse-cirbon ratio, 10 77. 

Av'erage heats from roof, 25 

Average heats from silica lining, 35 

Electrodes per ton of steel poured, 33 8 pounds 

These data were collected during the evperimental period on reiiielting manganese steel 
scrap, and it is natural that the results shown arc not as good as have been obtained from 
later oper.itions These figures arc givtn mainly to'show various dillcrences in the melting 
practices followed to dcteiminc rtsulls iindir changing conditions, .iiid the effects of various 
additions 
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this would cut the carbon, and yet leave a high residual 
manganese in the steel according to the reaction: 

MnO, +2C = Mn + 2CO 

This was tried using a heavy blue black manganese 
ore, analyzing 50 per cent metallic manganese. The com- 
parison follows: 

Manffanese Mill 
ore scale 

No of heats . . 1,*? 13 

Av. wt. shop scrap 1421 1290 

Av. wt. total charge . 7225 0827 

Av. wt total pour 7028 6661 

Av. melting loss, per cent 2.7% 2.4 

Manganese ore added per heat . . ... 36 

Av. mang. in total charge 12.08'^ 12.53% 

Av. manganese in steel .. 11.61% 12.11% 

Av. carbon in steel 1.03% 1.09% 

Av. manganese-carbon ratio ... . 11.29% 11.10% 

Av. preliminary carbon . . . 0.27% 0.19% 

Av. carbon in charge 0.38% 0.37%; 

Av. carbon oxidized from steel 0.11%; 0.18% 

Av. kwh. per heat ... 3154 3384 

Av. kwh. per ton of charge 870 936 

Some comparative results using ore and scale are given in 
table XXVII. 

From these experiments it was found that the man- 
ganese losses were greater with the ore. The preliminary 
and final carbons were higher, due to the fact that not 
as much carbon was oxidized. It required less power 
when using manganese. The manganese-carbon ratio 
was better with the ore, giving a final steel lower in car- 
bon in proportion, even though higher at first. When 
the scrap was rattled, and free from rust, the results 
with ore were excellent. 

This practice of cleaning the scrap and using manga- 
nese ore has not been adopted as standard practice. When 
used in this manner the ore is highly efficient. 

Reducing Manganese from the Slag 

From time to time, various methods are advocated to 
reduce manganese from the slag back into the bath. Prac- 
tically all of these methods have been tried by the author 
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in an attempt to obtain white slags on heats containing 
manganese steel scrap, but all have proved unsuccessful 
Such materials as aluminum, silicon, magnesium, etc., 
added to slags only raise the costs without any beneficial 

Table XXVII 

Comparative Results with Ore and Scale 


results from ore heats 


Mn 

Ore 





C 

efhciencv 

Bend on 


Mn in steel 

C in steel 

Ratio 

per cent 

test bar 


per cent 

per cent 

10 30 

97 4 

V^ery good 


13 88 

1 35 

11.20 

73 5 

Very good 


11 72 

1 05 

11 30 

90 5 

Fair 


11 72 

1 14 

10 50 

91 0 

No good 


11 09 

.96 

11 20 

86 5 

No good 


10 76 

90 

10.85 

64 5 

No good 


9 76 

90 

10.70 

79 0 

(iood 


11 24 

1 05 

11 65 

101 0 

Excellent 


12 58 

1 08 

11.83 

100 0 

Kxcellent 


12 08 

1 02 

11 85 

90 0 

Excellent 


12 68 

1 05 

11 85 

91 5 

Excellent 


n 97 

1 01 

10 15 

96 5 

Excellent 


12 25 

1 21 

11.12 

88 45 



12 00 

1 08 



RESULTS FROM SCALE HEATS 


Mn 






C 


Bentl on 

Mn in .steel 

C in steel 

Ratio 


test bar 

per cent 

per cent 

8 25 


No gootl 

7 

98 

97 

10 30 


(jood 

10 

99 

1 07 

11 40 


CJooil 

11 

89 

1 04 

12 00 


Fair 

10 

89 

91 

11.10 


Excellent 

12 

18 

1 10 

10 40 


Excellent 

11 

94 

1 15 

11 05 


Excellent 

12 

15 

1 10 

10 30 


No good 

10 

66 

1 03 

12 10 


Excellent 

12 

52 

1 02 

12 30 


Excellent 

12 

58 

1.04 

12.30 


(lOod 

11 

92 

97 

10 50 


Excellent 

11 

62 

1 11 

11.10 



11 

65 

1 05 

results. 

Only some carbonaceous material 

successfully 


will clear a slag from a manganese steel heat. Charcoal 
is too light and rides so high on the bath that its efficiency 
is low. Coal contains too much ash. The only material 
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remaining is coke, and this should be as high grade as it 
is possible to obtain. Under no circumstances should coke 
sweepings be used in making manganese steel. Table 
XXVIII gives a comparison of recarburizers. 

As mentioned earlier in this chapter, the influence of 
silicon on manganese is small. While this is true of steel 
made from a carbon steel base, with ferromanganese 
added, certain exceptions arise when remelting alloyed 
scrap. This was noticed first by the author several years 

Table XXVIII 


Comparison of Recarburizers 





Gas 


High grade 

Low grade carbon 


coke 

coke 

pea size 

Charges: Shop scrap. .. 


884 

1005 

Punchings 

4760 

4354 

4379 

Turnings 

840 

523 

553 

Ferromanganese 

1020 

926 

923 

Total 

6620 

6687 

6860 

Total poured 

6351 

6501 

6673 

Loss in pounds 

269 

186 

187 

Loss in per cent 

3.5 

2.6 

2.6 

Melting efficiency 

96.5 

97.4 

97.4 

Time of melting, per ton 

1:13 

1:14 

1:135 

Time of charging, per ton 

5.7 

G.9 

4.8 

Kwh. per ton of charge . . .. 

925 

830 

850 

STEEL: 




Preliminary carbon 

. 0.08 

0.13 

0.21 

Final carbon 

. 1.16 

1.02 

1.06 

Silicon 

.47 

.53 

.30 

Manganese 

12.13 

11.88 

12.12 

Manganese in total charge 

13.10 

13.40 

13.50 

Loss in points (0.01 per cent).., 

87 

152 

138 

Loss in percentage of charge 

6.65 

11.35 

10.20 

Efficiency of ferromanganese.... 

. 97.05 

91.75 

92.15 

Manganese-carbon ratio 

. 10.55 

11.60 

11.45 

ago when in charge of the metallurgical work 

for one of 


the prominent manganese steel casting companies. 

This phenomenon first was encountered when sam- 
ples were being drilled for analysis by the chemist. He 
reported difficulty in obtaining samples by the usual 
method, that of using a special, high-speed drill, operated 



208 


Refining Metals Electrically 


at slow speed with heavy pressure. On investigating, in- 
teresting facts were discovered. 

Manganese steel, as ordinarily made, can be drilled 
easily by this special tool. It was found that the steel 
would suddenly get harder by progressive steps, over the 
course of several heats, until the climax was reached, 
when it would get soft again gradually. Steels at the 
one point could be drilled only with the greatest difficulty. 



Fig. 36 — Bar as Cast and After Heat Treatment 
Poured from Metal Analyzing Mn 12.50 Per Cent, C, 1.07 Per Cent, 
(’arbon was 0.24 Per Cent When First Melted Down. Bar Bent 
180 Degrees on Itself Without Checking 

This hardness was found to be accidental, as it oc- 
curred only periodically. This rise and the subsequent fall 
lasted for two to three heats each way. An examination 
of the test bars showed patches of an iridescent color on 
the surface near the head, with all the colors of the spec- 
trum, and having the appearance of a variegated rain- 
bow. Other specimens would show spots of a silvery, 
whitish color. Soft steel bars' would exhibit none of these 
properties. 

Untreated bars when broken showed all classes of 
structure from a fine, soft, silky grain, up to the coarsely 
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crystalline structure showing the familiar right angle 
appearance due to the effect of chilling on the manganese. 

Test bars from these heats bent 180 degrees with- 
out any trace of cracking, but seemed to require a harder 
blow than usual. The main characteristics of this steel 
were great hardness, and a higher degree of stiffness. 
Test samples were polished and photomicrographs taken. 
Two sets of these, with their attendant data are shown 



Fig. 37 — Bar us Cast at Left and After Ann(*aling at Right 
I’oured from Metal (’ontaining Mn, 12.31) Per (Vnt, C, 1.02 Per 
Cent. Carbon was 0.1 S Per Cent When First Melted Down. 

Bar Bent 180 Degi-ees on Itself Without Checking 


in Figs. 36 and 37. They show no unusual structure com- 
pared with ordinary steel samples examined. 

It was discovered that these hard tests always oc- 
curred on heats where shop scrap was remelted, and on 
the heats which were heated to high temperatures dur- 
ing reduction. Analysis showed silicons approximately 
0.20 per cent higher than usual. While there was never 
any definite solution of this phenomenon it has always 
been the author’s opinion that this hardness was caused 
by some peculiar condition caused as a combination of 
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this extra silicon reduction in the presence of unusually 
high temperatures. 

Carbon steel of approximately the same analysis, and 
cast under the same conditions, generally will have the 
same structural appearance when a bar is fractured. 
This does not hold for manganese steel, the fractures cast 
under similar circumstances having a wide range of ap- 
pearance. Some of these fractures are shown in Fig. 38, 



Fig. 38 — Typical Fractures of Manganese Steel Bars 


the sketches being taken from standard bend test bars 
immediately after being broken under a steam hammer. 
All were cast in the same manner, being gated at the top, 
four bars being cast at one pour. The difference prob- 
ably is due to varying temperatures at the time of pour- 
ing. 

While the main activity of the metallurgist in a shop 
making carbon steel castings is keeping the quality of 
the steel up to par, his main point of interest is in fol- 
lowing the melting practice, together with miscellaneous 
testing, etc. However, in the manganese steel shop the 
actual making of the metal is one of the least of his wor- 
ries. His trouble arises from heats of seemingly proper 
analysis, which crack during treating, or in the sand, 
which will not give a satisfactory bend test, or which ex- 
hibit some other peculiar phenomena. 

Manganese steel, as it comes from the sand, is as 
brittle as the hardest white iron. Naturally, in this con- 
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dition it will crack or check on the least provocation, and 
the greatest care must be exercised by all concerned until 
the castings have gone through the heat treating process. 

Annealing Manganese Steel 

After the castings have been cleaned they are loaded 
on brick topped cars, the top of the car forming the bot- 
tom of the annealing furnace. The usual practice is to 
have a load of castings of approximately uniform size and 
shape, that a more uniform heating of the entire batch 
may be obtained. As manganese steel cannot be finished 
by tools, grinding wheels are used exclusively, and the 
greatest of care must be exercised during the annealing 
operation. If the metal is heated too quickly, there is a 
chance of these brittle castings cracking. If heated too 
slowly, the oxidation or scaling will be excessive, often 
allowing insufficient stock for finishing. If the heat is 
irregular in different parts of the furnace, some of the 
castings will warp, with attendant trouble when check- 
ing to final size and shape. 

Formerly heat treating was performed either in oil 
or gas fired ovens of a special shape, so arranged that 
the flames used were soft and luminous, and so baffled 
that there was no chance of a direct impingement on the 
castings. This has been superseded in many shops by 
the electric treating furnace, which, has many advan- 
tages. 

The furnace is heated slowly, in as much of a neutral 
atmosphere as possible, until a dark red predominates, 
when the heating may be increased to approximately 1800 
degrees Fahr., when the furnace is so controlled that it 
is held at this point until the castings have absorbed this 
heat equally. The temperature then is raised to 1850 de- 
grees, and the castings allowed to soak until the heat has 
been distributed uniformly through their mass, the time 
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depending on the shape of the casting, and the thickness 
of section. 

As soon as the heat has penetrated throughout, the 
car of castings is withdrawn from the furnace, and the 
castings dumped into water as cold as it is possible to ob- 
tain. This operation requires speed, for the difference of 
a few seconds may result in improper quenching, es- 
pecially on thin section work. Usually, the water is kept 
circulating. The quicker the castings enter the quench 
the better their quality. For this reason the cars 
often are arranged so that as they are with- 
drawn from the furnace, the body is raised, dumping the 
charge automatically into the quenching tank. This op- 
eration takes approximately five to ten seconds. 

After cooling, the castings are taken from the 
quenching tank. They now are toughened ready for 
final finishing and use. All finishing is done with grind- 
ing wheels. 

On certain classes of work, inserts of cast iron or soft 
steel are used, being cast when the piece is poured. These 
find wide use for certain classes of work, especially hubs 
on sheaves or wheels, where the wear is light, and this 
lower strength metal is suitable. 

Manganese steel exhibits the same properties as cast 
iron when poured into chill molds, but instead of becom- 
ing brittle it is strengthened. A test bar from to 1/2 
inch thick, when poured in a chill mold will give a bend 
similar to a bar treated and quenched. A similar speci- 
men cast in sand probably will bend from 45 to 90 de- 
grees, while a section of 3 inches poured in sand will be 
glass hard. However, after treatment, all three tests 
will show similar properties when bent. A great differ- 
ence in structure may be obtained from different sand 
cast fractures, but after treatment all will have the soft, 
silky fracture, with great strength and toughness. 

Difficulty in obtaining a uniform heat and quench. 



Manganese Steel 


213 


limits the thickness of section which may be made of 
this metal. At the present time this maximum thickness 
is about 5 to 5i/i inches. Heavier sections either are 
cored, or a carbon steel insert is placed in the center of 
the section, to act more or less as a solid core. This aids 
in relieving the great strains which would be caused by 
such a harsh quench as cold water when acting on a sec- 
tion of greater thickness. Manganese steel has such su- 
perior strength and toughness compared with ordinary 
metals, that sections of the maximum mentioned prove 
suitable for any class of work. This in itself is an im- 
portant characteristic as it means great saving in weight 
of metal to fill a desired specification. 

In the cast state, manganese steel is composed of 
austenite and free cementite. It is this proportion of 
cementite which gives it the brittleness associated with 
its cast condition. This proportion of cementite will 
either be smaller or larger, according to the proportion 
of chill during casting, the bend depending directly on 
this ratio. A piece chilled quickly will give a large de- 
gree of bend, on account of its low proportion of cemen- 
tite, and vice versa. However, austenite, as is well known, 
confers a high degree of toughness and resistance to wear 
to steels containing it in quantity, and the treatment of 
manganese steel is intended to change the structure of the 
metal to the condition where its entire structure is aus- 
tenite. 

In steels containing from 12 to 13 per cent manga- 
nese, the structure at temperatures higher than 1800 de- 
grees, will be composed entirely of austenite. If the metal 
is allowed to cool slowly, this structure changes, due to 
this slow transition, and considerable cementite is formed. 
If the steel is heated again the structure will pass over 
into austenite at about 1800 degrees. . The problem is to 
hold the carbides in solution as austenite, and the solu- 
tion is to quench as rapidly as possible from temperatures 
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above this critical point. If the steel is heated again past 
700 degrees this austenitic structure will be destroyed. 

This latter proves valuable in the recovery of manga- 
nese steel scrap, as the pieces, if of large dimension, have 
only to be heated to a good red, and allowed to cool slowly 



in the furnace, when they can be broken as easily as 
cast iron, by a drop ball. 

This steel has a greater shrinkage than ordinary car- 
bons, the average being about ,5/16 inch to the foot. Nat- 
urally, this adds to the molders difficulties, requiring 
larger shrink heads, and more care in placing gates and 
risers that there may be no binding during solidification, 
causing cracks and tears. This feature, coupled with the 
brittleness, requires a careful check on the design of the 
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pattern, and results in many differences over ordinary 
steel practice. 

It has been found through experience, that the point 
of greatest trouble is cracking of the castings, either im- 
mediately after pouring, or during the treating operation. 
The great majority of these failures have started from 
a sharp corner on the casting. Consequently all cast- 
ings, as far as possible, are made with rounded corners. 
All right angled sections are filleted heavily, and brackets 
and dogs are used freely. All holes are cored, being made 
as small as about 1 inch. When smaller holes are re- 
quired soft steel inserts are used. 

Manganese steel, due to its high percentage of man- 
ganese, attacks ladle linings, causing considerable slag to 
form during the pouring of a heat. This must be watched 
carefully and skimmed or it will cause considerable trouble 
with defectives. On this account, tea-spout ladles find 
use in the majority of shops. 

Due to the necessity of pouring the steel extremely 
hot, the sand recpiired for molding must be highly re- 
fractory or cleaning costs will mount. This necessitates 
a sand of the highest quality, and cuts down the amount 
of old sand which may be used in a mix. Molding sand 
used on manganese steel generally will analyze higher 
than 92 per cent silica, with low percentages of iron 
and lime. 

Testing Manganese Steel 

As this metal cannot be touched by an ordinary drill, 
special methods must be employed to obtain drillings for 
chemical analysis. These are obtained by the use of a 
special shaped drill as shown in Fig. 39. A piece of high 
speed steel about 4 inches long, and % inch in diameter 
is heated up to a yellow and rapidly forged to the shape 
shown in A. This is then heated up to a white heat, and 
quickly quenched in kerosene, after which it is ground to 
the shape shown in B. This tool is used in a drill press 
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having a slow speed, and allowing a heavy pressure to be 
used. Drillings can be made rapidly in this manner, 
usually coming off as pure white splinters, although there 
are times when the tool will bring off shavings several 
inches long. The author has drilled through a manga- 
nese steel plate 1 inch thick with such a tool. For the 
first half inch the tool went easily, but from there on 
great difficulty was had, the tool requiring constant re- 



Fig. 40 — Typical Bars for Drop, Bend and Pulling Tests 

sharpening. The last inch was impossible to cut clean, 
the tool actually tearing its way through by pressure from 
the press. 

The drillings are analyzed by the ordinary methods 
for manganese, carbon, silicon, phosphorus, and sulphur. 

Three different bars, as shown in Fig. 40, are used 
for testing the physical properties. These are subjected 
to the drop test, the pulling- test, or the bend test. The 
drop test is seldom used outside of rail work, but is made 
by placing the bar on two rigid supports, and dropping a 
hammer of known weight a specified distance, and not- 
ing the number of blows the bar will stand before rupture. 
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As this bar is 3 inches thick the test is only useful on 
heavy sectioned work. 

The pulling bar is standard size, and is tested for 
tensile strength, elongation, etc., in exactly the same man- 
ner as carbon steel. 

Of all the tests, both chemicals, and physical, the bend 



Fig. 41 — Bend Tests Afford a Comparison of Manganese Steel 
Quality 


test is by far the most important, and furnishes a better 
estimate of the quality of the steel than any other method. 
These bars are cast usually four to six ifi a flask, one set 
being made on each heat. One of these bars is drilled 
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and the drillings used for chemical analysis. Two are 
sent to the testing department at once, heated in a small 
electric furnace to 1850 degrees Fahr., water quenched 
and bent. This bending serves as a check on the metal 
making department and is classified as shown in Fig. 41 
as either excellent, good, fair or poor. 

The remaining bars are treated in the annealing fur- 
nace with the castings from the same heat, and their bend 
is checked against those treated under perfect laboratory 
conditions. Any great difference shows poor annealing, 
and the annealing process must be repeated. 

Formerly, when manganese steel was made in the 
converter, a bend of 120 degrees was considered excel- 
lent, but the electric furnace has increased the metal in 
quality to the point where a bend of 180 degrees is called 
for. 

Manganese steel, although tough, and with great re- 
sistance to abrasion and shock, has one disadvantage. 
It tends to spread or peen under pressure. The metal 
itself is soft, and with its great elongation rapidly flat- 
tens out under repeated pressure. This is due to its low 
elastic limit in proportion to other classes of steel. 

This characteristic has been noted in ball mill liners, 
where the terrific peening action of the ore and ball charge 
often has welded together the manganese steel liners re- 
quiring the cutting torch to tear loose when repairing of 
the mill was necessary. 

Special Manganese Steels 

Manganese steels for special service are of varying 
carbon content, with the manganese percentage running 
from 1,25 to 1.75 per cent. These classes of castings have 
been known for many years, and offer such excellent prop- 
erties that they may be classed among the true alloy mix- 
tures. This metal offers great strength with a maximum 
of ductility, besides being naturally solid. Under most 
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treatments, it offers free cutting qualities, giving a beauti- 
ful appearance when machined, and being capable of 
taking a high polish. Therefore it finds great use for any 
class of casting requiring a metal of high test, which 
must have considerable machining performed on it be- 
fore ready to use. For castings to resist high pressures 
it cannot be excelled, seldom requiring bushing to hold 
liquids under heavy pressures. 

These special manganese steels should be differen- 
tiated from the high manganese metal which has been 
described. The high manganese steels range from 7.00 
to 14.00 per cent in manganese content. The use of the 
previously described material is confined to service where 
extreme hardness is essential, such as in railway cross- 
ings and frogs, crushing or grinding machinery and in 
heavy duty pumps, gears and other parts. It is not ma- 
chinable, but may be ground to finish surface. The high 
manganese steel ranges from 90,000 to over 100,000 
pounds tensile strength, with an elastic limit of about 
half those amounts and elongation of about 20 per cent. 

The special manganese steel at present under con- 
sideration has a much lower percentage of manganese. 
Its manufacture offers no difficulties and it may be made 
either in the acid or basic furnace. Good scrap should 
be used as a base, and the manganese added sufficiently 
ahead of the pour to assure perfect diffusion. 

This percentage of manganese makes this steel sensi- 
tive to treatment, and considerable care must be exer- 
cised in this respect. While it does not appear possible 
that such a metal could contain oxides, such is the case, 
and the furnace practice must be of the highest if good 
results are to be obtained. The oxide manifests itself in 
cracks or tears, generally appearing during or after heat 
treatment. Another prolific cause of rejections are non- 
metallic inclusions, such as slag or sand, causing cracks 
to appear, often being internal and not appearing until 
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the steel is in service. Consequently, the molding prac- 
tice must be watched carefully, and all steel should be 


Table XXIX 

Comparative Test of Manganese Steel 




Water Quenched 



Treatment 





Degrees 


Tensile strength pounds 


Bend test 

Fahr. 

Drawn 

per Biiuare inch Elongation per cent 

degrees 

1700 

1300 

103,200 

4.7 



1100 

106.700 

3.0 



000 

121.000 

2.7 


1600 

1300 

97.500 

10.2 

90 


1100 

102.000 

8.0 

30 


900 

IIB.OOC 

7 5 

30 

1550 

1300 

94.000 

12.1 

120 


1100 

*)H.500 

6 3 

40 


900 

107,400 

6.1 

30 

1500 

1300 

03,000 

11.1 

120 


1100 

96.300 

7.9 

60 


900 

93,900 

6.8 

GO 

1450 

1300 

9S.000 

12.0 

100 


1100 

102 100 

9.1 

75 


900 

100,600 

5.3 

30 

1400 

1300 

.36,000 

7 2 

45 


1100 

80.300 

5 1 



900 

91.100 

4 0 


1300 

1300 

88,100 

8.3 



1100 

90,500 

8 0 



900 

93,200 

7 7 




Oil Quenched 



Treatment 





Degrees 


Tensile stnoigth pounds 


Bend test 

Fahr 

Drawn 

per square inch Elongaiion per cent 

degrees 

1700 

1300 

101,100 

8 5 

60 


1100 

103.650 

8 1 

50 


900 

109,300 

6 8 

30 

1600 

1300 

00.000 

10 7 

180 


lino 

0.1,500 

18 0 

180 


900 

100,250 

16 3 

120 

1500 

1300 

94.400 

21 2 

180 


1100 

94.900 

20 0 

180 


900 

99.760 

17 5 

150 

1450 

1300 

02 200 

21 1 

180 


1100 

01.700 

20 2 

180 


900 

96,400 

18 7 

160 

1400 

1300 

84,006 

13 3 

90 


1100 

86 500 

12 7 

90 


900 

83.750 

9 5 

60 

1700 

1300 

92.000 

0 5 

90 


1100 

04,400 

9 3 

30 


900 

97.350 

8 <) 

60 

1600 

1300 

91.750 

22 5 

180 


1100 

,94.000 

21 7 

180 


900 

96,250 

20 3 

180 

1500 

1300 

89.600 

24 0 

180 


1100 

91,500 

22 7 

180 


900 

92,000 

10 6 

180 

1400 

1300 

82.700 

11 1 

120 


1100 

84.006 

12 2 

120 


900 

84,500 

11 9 

90 


•All tenta miulc on atamlarcl test bara taken from heavy aectioncd work. 
Thinner aection would naturally show greater differencca. 
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allowed to stand in the ladle at least ten minutes before 
pouring the first mold, bottom pour ladles being strongly 
recommended. 

This steel does not exhibit any of its beneficial prop- 
erties unless given a heat treatment. Small size castings 
may be water quenched with safety, large size work show- 
ing superior results when given an air quenching followed 
by a draw to the proper ductility. 

Some interesting figures obtained on special manga- 
nese steel made in an acid electric furnace reflect the re- 
sults obtainable by proper heat treating. An average of 
a number of tests made on steel of 0.25 to 0.30 per cent 
carbon, with manganese at 1.25 to 1.30 per cent showed 
tensile strength totals ranging from 82,000 to 92,000 
pounds per square inch. Standard bend bars were used. 
When annealed and cooled slowly in the furnace from 1700 
degrees, Fahr., the tensile strength was 92,000 pounds 
with an elongation of 11 per cent and a cold bend of 120 
degrees. The same treatment from a maximum of 1600 
degrees gave a lower tensile but with 17.5 per cent elonga- 
tion and 130 degrees bend, while when the initial tempera- 
ture was dropped to 1500 degrees, Fahr. the maximum 
elongation of 18.5 per cent with a bend of 130 degrees 
was attained. Below this temperature the tensile and 
other properties were decreased. 

Table XXIX gives results obtained on manganese 
steel of the analysis described in a series of tests, using 
either water or oil for quenching. 

Manganese has a tendency to lower the critical tem- 
peratures of steel approximately 5 degrees Fahr. for 
each 0.10 per cent manganese. With a steel approximat- 
ing 1.50 per cent manganese this would amount to 75 de- 
grees Fahr. However, it may be seen from the tests 
shown in Table XXIX that on heavy sectioned work it 
may be treated safely as for a plain steel of equal carbon 
content. This steel is not particularly sensitive to small 
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differences in the temperatures of either heating quench- 
ing, or drawing, which makes its use attractive to the 
shop operating under a heavy production schedule as 
these castings may be treated coincident with plain car- 
bon pieces. 

The accompanying tests, summarized in Table XXX, 
were reported by John Howe Hall in a paper before the 
American Institute of Mining and Metallurgical Engi- 
neers, cover a series of results on this steel as made in 


Table XXX 

Physk AL Pkoperties oe Manganese Steel 


'JVnsilc ?!]laatic limit Reduction 


Carbon 

Silicon 

Manganese strcnKth pounds pounds per 

Elongation 

of area 

per cent 

per cent 

per cent 

per square inch 

STjuarc inch 

per cent 

per cent 

0 26 

0 3H 

1 33 

80,000 

51.600 

20 8 

31.8 

0 26 

0 88 

1 33 

109,000 

70,000 

21.2 

28 9 

0 86 

0.83 

1 33 

85,760 

46,100 

24 0 

36 7 

0.27 

0.28 

1 38 

96.000 

59,000 

23.9 

31.6 

0 85 

0 88 

1 38 

84,030 

46,790 

24 6 

35 1 

0 35 

0.8.8 

1 38 

106,160 

73,960 

17 7 

34 0 

0 26 

0 88 

1 39 

73,500 

48,600 

28 9 

43.4 

0 84 

0 3.8 

1 39 

75,600 

42,000 

29 2 

50 6 

«.47 

0 30 

1 40 

106,160 

61,380 

20.9 

86 9 

0.34 

0 .'ll 

1 .11 

78,000 

53,000 

26 0 

34 7 

0.8K 

0 24 

1 72 

100.600 

50,000 

19 8 

84 7 

0.84 

0 26 

1 79 

84,260 

45,500 

27 2 

52 6 

0 27 

0 30 

1 91 

91,400 

54 250 

23.7 

31 2 

0.32 

0 19 

2 38 

103,400 

59.390 

18 2 

29 2 


the basic electric furnace. All specimens were given the 
following treatment: 

Air quenched from 90 degrees Cent., drawn back to 
700 degrees (^ent. and allowed to cool in the air. 

Mr. Hall in the Iron Age of September 28, 1922 of- 
fers the results of a series of tests covering these high 
manganese steels in combination with nickel, the latter 
varying from 1.15 to 1.80 per cent. As would be expected 
these steels show the great ductility of the manganese 
combined with the high tensile strength and elastic limit 
of the nickel, producing a metal of unusual quality. In 
these tests the carbon content ranges from 0.27 to 0.38 per 
cent; the sulphur from 0.032 to 0.040 per cent; phosphorus 
from 0.035 to 0.045 per cent, and the silicon from 0.30 
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to 0.40 per cent. Copper from 0.40 to 0.80 per cent also 
is contained in the analyses listed. The results of these 
tests are summarized in Table XXXI on page 224. 

From the data given it may be seen what a great va- 
riety of alloys in their different combinations may be 
used, and what high test results may be had from their 
use. In the manufacture of alloy castings it is by far 
the best and safest method to use the steel requiring the 
simplest melting and treating procedure with the neces- 
sary qualifications amply to cover the specifications. 



XI 

NICKEL STEEL 

O F LATE' years a considerable increase in the 
amounts of alloy castings made has been noted 
throughout the country. This has been caused, in 
part, by the gradual tightening of specifications, especial- 
ly for castings used in the automotive industry. As it 
became more difficult for manufacturers to supply the de- 
mands of their customers from the ordinary grades of 
plain steel castings different alloys were developed. At 
first, results were not good, due to the lack of metallur- 
gical knowledge in these lines. However, as time passed, 


Table XXXI 


Properties op Manganese-Nickel Steel 




Tonnile 



Reduction 


ManKatic^se 

Nickel 

HtreridfCh pounds Elastic limit Elongation Area 

Rend 

per cent 

per cent 

per sijuare inch 

pounds 

per cent 

per cent 

degrees 

0 81 

1 (•() 

92 283 

55,767 

22 

37 

120 

0 93 

1 44 

92,334 

5.6,003 

21 

31 

120 

1.02 

1 15 

88.61() 

.64 ,494 

25 

40 

120 

1 04 

1 14 

92,691 

.66,277 

22 

34 

120 

1 11 

1 .34 

96, .54 3 

59,078 

22 

37 

120 

0 93 

1 12 

90,042 

57,550 

23 

37 

120 

1 18 

1 (50 

92.691 

55 003 

22 

36 

120 

1 n 

1 58 

94,830 

54.748 

22 

37 

120 

1 03 

1 73 

96.052 

59.087 

25 

41 

120 

1,21 

1.24 

91.366 

55.003 

26 

44 

120 

1 Ih 

1 64 

81,343 

60,096 

25 

41 

120 

1.15 

1 80 

92.181 

56,288 

23 

36 

120 


more data were obtained through countless experiments, 
and the different steps in manufacture of alloy castings 
were so standardized that their commercial production 
became possible. 

As soon as the worth of alloyed steel castings be- 
came apparent, considerable research was made to sub- 
stitute these products for forgings. The results have 
been so satisfactory that each year shows a great ad- 
vance in alloy castings’ use. Where a superior product 
with unusual qualities is desired, forgings often are of 
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such a shape that the cost becomes excessive. Further, in 
many instances forging is impossible, due to the compli- 
cated design. In these cases alloy castings may be used 
to advantage. 

That alloy castings of suitable strength have an im- 
portant place in industry is proved. Some of their great- 
est advantages are as follows: 

Castings of complicated shape can be made of equal 
strength, and at considerable less cost than forgings. 

Casting can be used for purposes where a forging is 
unsuited. 

With their greater physical strengths and ductility, 
alloy steel castings of a much lighter section can be used 
than forgings or some other classes of castings. This is 
extremely important in classes of work requiring a spec- 
ified strength at a minimum weight, as for instance in au- 
tomobiles, tractors, locomotives, and for reciprocating 
parts of machinery in general. 

The same analysis of metal may be used for widely 
differing purposes, merely by changing the heat treat- 
ment. This is extremely important when the value of 
the casting as scrap is considered. For instance, the 
bucket pin of a dredge line — when made of manganese 
steel as formerly was the practice, the piece would wear 
enough on one side to cause it to be scrapped, the un- 
machineable properties of the steel causing the total 
value of the casting to be only that of scrap. On the 
other hand when a pin made of alloy steel becomes use- 
less in the bucket line, it may be removed, annealed, and 
used for some other purpose. When it is considered that 
these dredgers are used many miles from a repair base 
these u suable steels are of the utmost importance for 
quick replacement when a breakdown occurs. Alloy steels 
may be used for keys, pins, washers, etc. Having a sup- 
ply of old pins always on hand, the dredger foreman is 
never at a loss when an unforeseen accident occurs. He 
merely forges a pin to the size and shape desired, and 
then treats it either for greatest hardness or maximum 
toughness. 

Castings can be made of any shape, and with any 
desired characteristic. They may be either glass hard, or 
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exceedingly tough. Some classes of work can be made 
glass hard on the face, and tough on the back, as for in- 
stance in a crusher jaw. 

Naturally, when the steel is made for such strenuous 
service it must be of the highest quality, and of absolute 
regularity, if the best results are to be obtained. This 
has resulted in the use of the basic furnace in the majority 
of cases, although there are some classes of alloy steels 
made extensively by the acid process. Whatever process 
is used, the furnace practice must be of the best from a 
metallurgical standpoint. Alloy steels require widely dif- 
ferent furnace practice from that found standard for the 
plain carbon analyses. 

Choosing Scrap 

Some classes of alloy castings are worth over 25 
cents per pound, and a few dollars a ton difference in the 
scrap used is of slight consequence. Therefore, it is best 
to use a good grade of scrap metal for the raw charges. 
Scrap having a high percentage of loss during melting 
is not desirable, due to the percentage of oxide in rela- 
tion to the area of the charge. Such classes of scrap as 
borings, turnings, light forge flashings, stampings, etc., 
fall under this classification. However, these classes of 
metal may be used if clean, being mixed with heavier 
scrap. Such classes of charging material as ingot butts, 
clean punchings, heavy boiler plate, low-phosphorus steel 
rail, old castings, etc., are excellent and usually may be 
had on the market at a few dollars per ton premium. 

In certain instances a low phosphorus content is de- 
sired and to have long furnace manipulation it is often 
economical to melt down stock. Similarly, a supply of 
wash metal should be on hand for recarbonizing pur- 
poses, being far preferable to other materials, especially 
toward the end of a heat, when the opening of a door may 
be attended by adverse results, from the air being allowed 
to enter and fill the furnace. 
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Usually the great value of alloyed steel castings is 
found only in those castings which have been properly 
heat treated, such procedure bringing out to the highest 
degree the beneficial results of the alloy. Consequently, as 
all these steels are to have a finishing treatment more 
care must be exercised to prevent blowholes, and nonmetal- 
lic inclusions, as such faults manifest themselves in many 
disastrous ways, especially during the (luenching opera- 
tions. 

Correct heat treatment requires regularity of chem- 
ical composition, making the services of a chemist an ab- 
solute necessity. As a well equipped laboratory usually 
is an important part of the modern steel foundry the re- 
(luirement for a chemist is not out of the ordinary. 

Making Nickel Steel 

Of the different alloys being used for alloying with iron 
for commercial castings, nickel ranks among the most 
important. Nickel confers on the steel certain properties, 
among the most important being a higher elastic limit 
and tensile strength without decrease in ductility. It 
alloys in all proportions with iron, this combination oc- 
curring at rather high temperatures, between 1500 and 
1600 degrees Cent. Nickel tends to check segregation, 
probably by its ability to raise the melting point of the 
steel constituents to the point where solidification be- 
comes more uniform than on plain carbon steels. Nickel 
steels, especially those of the higher percentages are sub- 
ject to blowholes and the greatest care must be used to 
eliminate them before pouring as such defects are difficult 
to weld properly. It is most difficult, if not impossible, 
to weld nickel steel containing over 4 per cent nickel. 
Due to its quick setting characteristics, this class of metal 
is likely to contain laps and seams, requiring considerable 
attention to pouring temperatures, and speed of flow into 
the mold. 
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Nickel steel castings are rugged, standing an abnor- 
mal amount of abuse before failure. Consequently, they 
find extremely wide use in classes of work where a high 
elastic limit is desired, or where a metal with high re- 
sistance to shock is required. In many instances nickel 
steels are used where a certain specified strength is de- 
sired with a minimum of weight, their high tensile qual- 
ities enabling nickel steel to fill the specification with a 
casting of lighter section than otherwise would be re- 
quired. 

Three classes are widely specified for the ordinary 
commercial grades of nickel steel castings. The classes 
are divided into those containing from 1 to 1.5 per cent 
nickel; those from 2 to 2.5 per cent; and those from 3.25 
to 3.50 per cent. Each class is made with carbon to suit, 
generally ranging from 0.15 to 0.45 per cent. While other 
percentages of nickel are in use, such as the 4 and 5 per 
cent grades, they are in the minority. For special pur- 
poses, nickel steel mixtures containing up to 36 per cent 
nickel are used, but these are specialties made only in 
shops primarily intended for their manufacture, sim- 
ilarly to manganese steel. 

Nickel is difficult to oxidize from steel, making its 
melting simple. Either the acid or the basic process can 
be used to advantage, both on remelting nickel steel scrap 
and in the manufacture from carbon steel scrap. Com- 
parative advantages of the two processes will be the same 
as those outlined for melting carbon steel. 

Acid Furnace Practice 

The best method of adding the nickel is to mix it in 
with the charge, either in the form of nickel pig, or shot. 
As soon as the heat has melted, it is checked for carbon 
by the chemist. Little information can be obtained from 
the appearance of a fracture on nickel steels, and thus 
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judging of the carbon by this method is so uncertain that 
its use should not be allowed. 

Nickel may be added quantitatively as there will be 
■practically no loss entailed during melting. The heat 
can be regulated for carbon and manganese according 
to the chemist's analysis, the best method of adding the 
carbon being in the form of wash metal, enough nickel 
being added to compensate for this addition in weight. 

The slag should be manipulated exactly as if a heat 
of carbon steel was being made, and when the familiar 
yellowish-green color, with proper viscosity is obtained, 
the metal is ready to pour, providing the temperature is 
sufficiently high. 

Alloys such as manganese and silicon may be added 
in various ways, but the best results are obtained by 
finishing all the alloy steel in the furnace. As soon as 
the metal becomes rather hot, the slag is thickened by the 
addition of sand, and the metal held until sufficient sili- 
con has been reduced to furnish adequate solidity in the 
mold. This is a matter of experience and should not be 
attempted by an inexperienced melter. He should add 
his manganese to the furnace and the silicon to the ladle 
in fine pieces until he is sure that he can judge the silicon 
properly in a reduced test. This period of reduction gen- 
erally will take from 10 to 12 minutes, depending upon 
the temperature of the metal, the character of the slag, 
the size of furance and the power input. Usually it is 
different for each installation. 

Heat Metal High 

If any alloys are added to the ladle, the metal should 
be heated higher than is ordinarily practiced that thor- 
ough assimilation may be assured. The metal should al- 
ways be held in the ladle for at least five minutes, and 
ten if possible, to avoid any possible chance of slag re- 
maining in the steel. If the heat is poured under a thick. 
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viscous slag, the chance of an inclusion is small, any 
small amount which is trapped during pouring rising to 
the surface when the steel is held in the ladle. 

Best results are to be obtained by the use of a bot- 
tom pour ladle, and the metal should be hot poured. A 
regular stream must flow into the mold, and the metal 
should be sufficiently hot to run without any lagging, or 
laps and seams will result. 

Remelting nickel steel scrap offers no particular dif- 
ficulty aside from the general considerations governing 
the manufacture of any high grade metal. Nickel will 
not oxidize out of the scrap, so there need be no worry 
about analysis if proper calculations are made at the 
start of the heat. Should the carbon come down high it 
may be lowered by boiling with oxide, ore being prefer- 
able to scale for such purpose, and the heat finished in the 
ordinary manner. 

Occasionally, a heat of nickel steel will go wild in the 
furnace, and if it contains a high percentage of nickel 
it will be extremely difficult to deoxidize. The ordinary 
classes of deoxidizer such as manganese, silicon, titanium, 
vanadium, etc., will have no effect, even though added in 
considerable excess. However, two metals will quickly 
degasify nickel steels. These are aluminum and magne- 
sium. Aluminum if added in excess, has the undesirable 
property of making the steel much harder than usual and 
if used, great care must be exercised. On the other hand, 
magnesium will give the desired results with a smaller 
amount used. A supply of this metal should be on hand 
in shops making nickel steels. 

Use of Magnesium' to Kill the Heat 

In a wild heat, the metal should be brought up to 
its proper composition in carbon, manganese, and silicon, 
these elements being slightly higher than desired. As the 
heat pours from the furnace small pieces of stick mag- 
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nesium should be added to the stream flowing over the 
furnace spout. The ladle should be held until foaming of 
the slag or gassing ceases, when the metal may be poured. 
No figures as to the quantity of magnesium required will 
be given, as this depends strictly upon the degree of 
wildness, the amount required ranging from an ounce 
to a pound, per ton of steel. Heats killed in such man- 
ner never should be used for castings requiring extremely 
high quality. 

Melting Basic Steel 

Basic furnace practice on nickel steel follows closely 
the practice outlined previously. The nickel may be added 
either with the charge, or after the heat has melted. The 
bath and slag should be brought to the proper conditions 
of temperature and carbide state, the manganese and 
silicon added and the heat poured. 

In the basic steel about two pounds of pulverized 
fluorspar per ton of metal should be added to the bottom 
of the ladle before pouring. Fluorspar has the ability 
to combine rapidly with any slag in the metal, lowering 
its melting point so that it makes its way quickly to the 
surface. A few shovels of burned lime always wshould be 
thrown on the top of the ladle to thicken this slag. This 
should be covered with a little coke to make it retain its 
reducing character during the period of pouring. 

The amount of slag to use in basic operation will be 
determined by the percentage of sulphur which it is de- 
sired to eliminate. Priestley, in Blast Furnace and Steel 
Plant, Jan. 1922 gives some interesting analyses covering 
electric furnace slags from nickel steel h^ts, together 
with the corresponding analysis ^f metal. * 

The quantity of slag used was approximately 3 per 
cent of the weight of the metal, the bath being held under 
this carbide condition from 3 to 5 hours. The product 
was used in making armor steel. The preliminary per- 
centages of sulphur contained in the metal averaged 0.02 
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per cent. The analyses given by Priestley are shown in 
Table XXXII. 

From these figures it may be seen that the slags are 
in no particular different from those found on carbon 
steel operations. 

Finishing Heats 

In a shop specializing in the manufacture of alloy 
steel castings, the practice of deoxidizing under air tight 
conditions should be adopted, not only on nickel steels, but 


Table XXXII 


Analyses of Nickel Steel Slag 


Heat 

SiO, 

Fe 

ALO. 

Mn 

CaO 

Mj?0 

P 

S 

CaC, 

] 

. 15.10 

0.64 

1.98 

0.27 

58.24 

16.13 

0.02 

0.28 

1.23 

2 

. 8.16 

0.70 

3.32 

0.11 

64.01 

16.98 

0.07 

0.28 

1.14 

3 ... 

. 11.97 

0.66 

1.74 

0 53 

57.95 

14.53 

0 08 

0.19 

0.97 

4.... 

. 9.20 

0.58 

4.39 

0.40 

61.76 

12.77 

0.04 

0.36 

1.31 

5 .... 

. 4.32 

0.74 

2.63 

0.14 

63.11 

16.21 

0.02 

0.39 

1.30 

6 ... 

. 17.60 

0.49 

3.26 

1.05 

58.32 

13.28 

0.03 

0.34 

1.33 


Corresponding Metal Analyses 


Heat C 

Mn 

Si 

Ni 

P 

S 

1. 

0.32 

0.71 

0.25 

0.36 

0.022 

0.009 

2. 

0.36 

0.74 

0.24 

3.03 

0.013 

0.008 

3. 

0.29 

0.74 

0.24 

2.78 

0.010 

0.007 

4. 

0.35 

0.71 

0.20 

0.31 

0.013 

0.008 

5. 

0.38 

0.67 

0.21 

2.97 

0.010 

0.008 

6. 

0.30 

0.78 

0.22 

2.83 

0.013 

0.010 

on 

all of the alloyed heats. 

At first, 

it will 

require 

con- 


siderably experimenting to determine accurately the car- 
bon pickup from a certain amount of carbide slag held 


a specified time in the furnace. However, this is deter- 
mined easily and results made under similar conditions 
will average close. From the heat records, the weight of 
slag required to eliminate a specified amount of sulphur, 
and to thoroughly deoxidize the metal may be determined. 
From checking the carbons closely by taking tests every 
few minutes, the average pick up of this element over the 
finishing period can be obtained. 

The next step is to finish the carbon adjustment to 
the point where the contained analysis, plus this average 
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pickup, will give an analysis of the desired figure. Then 
the final slag is added, a good dusting of coke added, and 
the doors closed and all openings tightly sealed with a lut- 
ing of mud or clay. Soon the furnace will begin to snow 
slightly, and the openings around the electrodes gradually 
will build up with the soot to the point where the furnace 
is absolutely air tight. Then the heat is held for the de- 
termined time, when the final test can be taken and the 
metal tapped. Steel of unusual quality is made by this 
method, and is regular in its chemical composition. There 
is no question but that this absolute elimination of oxygen 
from any entering air results in metal of superior quality. 
Eliminating nitrogen from the furnace also may be one 
of the reasons for this improvement as in the presence of 
such an intense arc the fixation of nitrogen, and its at- 
tendant absorption in the steel, is a point which is slightly 
probable. It is well known that this gas in steel has as 
much influence, if not more, than oxygen in lowering the 
quality of the metal. This point is well illustrated by the 
superior results from steel in which part has been treated 
with titanium, vanadium, or uranium, their greatest value 
lying in the fact that they may have the power of remov- 
ing this nitrogen. 

It will be necessary to determine this carbon pickup 
for several weights of slag, as the volume of slag used 
will change, depending upon the amount of oxidation the 
metal has experienced before its finishing. A heat made 
of clean steel will become perfectly sound in about an 
hour under a 3 per cent lime slag, heavy in carbide, while 
one of rather dirty scrap may require two hours under a 
5 or 6 per cent slag. However, these points will take care 
of themselves in any well supervised shop. They are men- 
tioned merely as a point of interest. 

While 1 per cent of nickel will raise the tensile 
strength and elongation about 4000 to '6000 pounds per 
square inch over a plain steel of corresponding carbon 
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content, with no lowering of the elongation, bend, or re- 
duction of area, this ratio holds only up to about 5 per 
cent nickel, where the increase would amount to only a 



Fig. 42 — Changes in Properties Due to the Addition of Nickel. 
The Carbon Averages 0.17 Per Cent and the Manganese, 

0.82 Per Cent and the Specimens Were Unannealed 

maximum of 30,600 pounds per square inch. When it is 
considered that a simple treatment will give the same re- 
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suit on a 2 per cent nickel steel» as on a natural 5 per cent 
alloy, it is readily seen why all such castings are heat 
treated. If there was no increase in physical qualities. 



Fig. 43 — Annealed Specimens of Nickel Steels, Averaging the Same 
in Carbon and Manganese 

the question of cost would determine this point, but the 
vast difference between raw and treated castings is an 
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item far superior to that of the added cost of a few per 
cent of nickel. 

Nickel has the same effect upon steel as carbon, 
although to a greater degree. It lowers the transforma- 
tion points. For the ordinary grades of nickel steel used 
in casting work, from 1 per cent nickel up to 4 per cent, 
0.60 per cent nickel will lower the ACi range about 10 
degrees Fahr. and the Ar^ range on cooling about 20 de- 
grees Fahr., from those of similar contents in plain steels. 



Fig. 44 — Effect of Varying Amounts of Nickel on the Critical 
Temperature of Steels With Varying Carbon Contents 


The approximate critical temperatures of these steels run 
from about 1325 to 1310 degrees Fahr. (AcJ, 1250 to 
1230 degrees Fahr. (ArJ for the 1.00 per cent nickel 
to about 1250 to 1270 degrees Fahr. (AcJ, 1100 to 1120 
degrees Fahr. (ArJ for the 4.00 per cent nickel, depend- 
ing upon the differences is miscellaneous composition, car- 
bon, manganese, etc. 

Nickel steels offer a distinct difference from plain 
carbon steels when heated above the critical points for any 
length of time, carbon steel tending to grow in grain size 
while nickel steels tend to become finer and closer in grain. 
Of course, this statement does not mean that such super- 
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heating is desirable, as heating for continued ^periods at 
such temperatures naturally will weaken the metal. Such 
a characteristic is a greater advantage in handling work 
of large size, or heavy section, as the time of soaking may 
be prolonged, during which period the grain is being re- 
fined to a marked degree, a point directly the opposite 
to the plain carbon steels. While this added heating tends 
slightly to raise the cost of treating, this would be a sec- 
ondary consideration when dealing with products of the 


Table XXXIIl 

Tests of Basic Nickel Steel 


Elastic Elonga- Red. 

Tensile St. limit tion area 

Treatment lbs. sq. in. lbs. sq. in. per cent per cent 


As cast 

Annealed from 1450 degrees 

Fahr 

Water quenched from 1400 de- 
grees Fahr 

Drawn back to 900 degrees 

Fahr 

Water quenched from 1400 de- 
grees Fahr 

Drawn back to 550 degrees 


85,000 

46,000 

20.0 

48.0 

83.500 

43,600 

24.4 

53.2 

93,000 

74,600 

20.7 

66.4 

102,640 

81,100 

19.8 

71.7 

137.000 

143.000 

113,800 

106,400 

13.4 

12.9 

58.8 

55.7 


highest quality. Figs. 42 and 43 show the changes in a 
steel due to increasing its content of nickel. 

Fig. 44 shows the manner in which certain percent- 
ages of nickel affect the critical temperatures of steels of 
varying carbon contents. 

On small size castings, the general practice is to heat 
slightly above the upper critical range, allow them to 
soak until the heat is diffused thoroughly throughout the 
piece or pieces being treated, withdraw from the furnace, 
and quench in either air, oil or water, depending upon 
the shape of the piece, and the desired specifications. 
These pieces are then drawn back to the temperature nec- 
essary to give the desired toughness. On larger sized 
castings, it often is necessary, and usually desirable, to 
give a double quench that the transformation may be com- 
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plete, nickel having a tendency to retard this action. 
Brinell hardness numbers will range from about 176 on 
the annealed specimens of medium steels, to 400 on some 
of the harsher quenches. 

Properties of Nickel Steel 

Tests made on nickel steel indicate clearly the in- 
fluence of the methods of heat treatment. A bearing was 
cast from metal analyzing carbon, 0.23 per cent; manga- 

Table XXXIV 

Tests of Acid Nickel Steel 

Elastic Elonga- Red. 


Tensile St. 

limit 

tion 

area 

Treatment lbs. sq. in. 

lbs. sq. in. 

percent perceni 

As cast 

Annealed from 1450 degrees 

82,000 

47,000 

12.3 

9.8 

Fahr 

Air quenched from 1500 de- 

86,560 

50,000 

19.2 

21.6 

grees Fahr 

Air quenched from 1600 de- 

94,100 

57,000 

13.1 

12.7 

grees Fahr. drawn back to 
1300 degrees Fahr. and held 
in furnace 5 hours 

87,200 

51,300 

20.6 

22.0 

Air quenched from 1500 de- 





grees Fahr. drawn back to 
1300 degrees Fahr. and held 
in furnace until rather cold.. 

93,.S50 

52,100 

28.0 

41.5 

Air quenched from 1500 de- 





grees Fahr. drawn back to 
1300 degrees Fahr. and 
quenched in hot water. Drawn 
back to 1300 degrees Fahr. 
and cooled in furnace 

92,750 

53,000 

34.0 

51.3 

nese, 0.75 per cent; silicon, 

0.21 per cent; nickel, 

1.53 per 


cent; phosphorus, 0.035 per cent, and sulphur 0.02 per 
cent. The steel was made in the basic furnace. 

When first cast, this metal showed a tensile strength 
of 77,000 pounds per square inch with an elongation of 
24 per cent and a reduction in area of 32.6 per cent. The 
elastic limit was 43,000 pounds per square inch. When 
annealed to 1500 degrees Fahr. and cooled in the fur- 
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nace, the tensile strength increased to 97,400 pounds per 
square inch, the elastic limit to 54,200 with an elongation 
of 26.2 per cent and a reduction in area of 41.9 per cent. 

When quenched in air blast from 1500 degrees Fahr. 
and drawn back to 900 degrees Fahr., the tensile strength 
decreased, but the elastic limit, elongation and reduction 
in area were increased. 

When treated as previously, but quenched in oil and 
drawn to 550 degrees Fahr., the tensile was increased to 
112,000 pounds per square inch, the elastic limit to 98,- 
000 pounds per square inch, but the elongation dropped 
to 19.0 and the reduction in area to 37 per cent. 

Some tests upon nickel steel with an average carbon 
from 0.25 to 0.30 per cent; manganese, 0.60 to 0.70 per 
cent, silicon, 0.20 to 0.25 per cent; nickel, 3.25 to 3.50 per 
cent, as made in the basic furnace are shown in Table 
XXXIII. 

Tests made on metal produced in the acid furnace 
from a device casting weighing approximately 600 
pounds, the maximum thickness of a section of the arm 
from which the tests were taken being three inches are 
shown in Table XXXIV. The metal analyzed: Carbon, 
0.27 per cent; manganese, 0.83 per cent; silicon, 0.24 per 
cent, and the nickel, 1.84 per cent. 

Detailed logs of furnace operations on nickel steel 
using both the acid and the basic lined melting hearths 
and with different types of charges are shown in Ap- 
pendix Tables 17, 18, 19 and 20. 



XII 

CHROMIUM, NICKEL-CHROMIUM, MOLYBDENUM, 
VANADIUM, ZIRCONIUM AND SILICON 
STEELS 

C HROMIUM, like nickel, has no powers of deoxidiz- 
ing a bath of metal, but has the faculty of con- 
ferring great hardness on the steel with no de- 
crease in the ductility. For this reason it finds its widest 
use in classes of casting where a metal of maximum hard- 
ness is desired, together with a certain amount of tough- 
ness. For such work as crusher jaws, wearing plates, 
parts subject to abrasion, and rolls, it has no equal. While 
it has not the resistance to abrasion that manganese steel 
has, it can be made much harder, so that it can be used 
in instances where manganese steel is unsuitable, due 
to its tendency to flow under strain. One of the new lines 
in which chrome steel is finding wide use is in the manu- 
facture of drilling tools, for oil well operations, where the 
hardness of the metal is its chief asset, being used exten- 
sively for auch parts as tongs, underreamer bits and 
bodies, aiid fish-tail bits. 

In the manufacture of chrome-steel castings three 
types probably cover 99 per cent of the production. These 
include steel with 0.50 per cent chromium, with 1.00 per 
cent, and with 1.50 per cent. Of these the two lower con- 
tents find the widest use. The carbon content will change 
according to the type of casting, and its intended use, 
ranging from approximately 0.25 per cent on some oil 
well tools, to as high as 0.90 per cent on crusher jaws 
and rolls. 

By far the most common analysis made is that of 
carbon, 0.40 to 0.50 per cent, with a chromium as close 
to 0.50 per cent as possible. This is approximately of 
equal strength to a high class carbon steel forging, and 
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has the added advantage of greater hardness, with none 
of the brittleness associated with the metals of high car- 
bon content. 

Chromium differs greatly from nickel in its prop- 
erties of combining easily with oxygen. Consequently, 
greater care must be exercised in making such alloying 
additions. It is used in a manner similar to manganese 
or silicon, the latter closely resembling chromium in its 
speed of oxidation. Therefore, while chrome steel may 
be produced satisfactorily in the acid furnace such opera- 
tion, if regular, is rather expensive because when the 
shop returns are remelted, all of the chromium contained 
is oxidized out and lost. In shops where a heat of chrome 
steel is of rare occurrence the acid furnace proves suit- 
able, but in shops specializing in making chrome castings 
the usual operation is basic. 

In melting chrome steel the same procedure is fol- 
lowed as with a heat of carbon steel, with only slight dif- 
ferences. Naturally, possessing a high degree of oxida- 
tion, it would be foolish to add ferrochromium to a bath 
of oxidized metal. Therefore, the slags must be thick- 
ened and after the silicon has started to reduce, the fer- 
rochrome may be added. This will be five or ten minutes 
before the heat is ready to pour, and if possible, the 
chrome should be added not over five minutes before the 
heat is tapped. To obtain such conditions, and at the 
same time keep the silicon content at the proper figure, 
requires considerable judgment as to methods of manip- 
ulating the slag to attain the required conditions. The 
ferrochrome should be moistened so as to kick through 
this slag, and it is good practice to rabble the bath well to 
assure that the chrome has actually penetrated into the 
steel. 

Additions of chromium should be /approximately 10 
to 15 per cent higher than is desired in the finished steel, 
that compensation may be made for the higher loss. 
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Basic furnace operation will be identical to carbon 
steels, with the exception that the ferrochrome should be 
added after the carbide slag has formed, and should be 
allowed at least 20 minutes under such a slag before 
tapping the furnace. The losses are lower than on acid 
operation, and 10 per cent additional chrome over the 
specification will be satisfactory. These heats should not 
be poured if the slag shows a faint apple green, as this 
is a sure indication that the slag still contains a con- 
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Figr. 45 — Changes in Critical Temperatures Are Caused by Varia- 
tions in Chromium Content 


siderable amount of chromium. In such a case more lime 
and coke should be added, and reduction kept up until 
the slag shows its true graj, powdering conditions. 

Chrome steels of the higher percentages always should 
be finished under heavy reducing conditions, the furnace 
being kept closed with all openings as tightly sealed as 
possible. For high grade steels containing both high car- 
bon and chromium it is permissible to add the chromium 
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an hour before the pour, after the metal has reached a 
solid state, tightly seal the doors, and allow the furnace 
to operate under these air tight conditions until the metal 
is finished. Table 21 in the Appendix gives furnace logs 
on chrome steel in both acid and basic hearths. 

Effect of Chromium 

Chromium acts like nickel in changing the critical 
points of steels, but in the opposite direction. It causes 
the temperatures to become slightly higher than those of 
plain carbon steels of the same carbon content. Chro- 
mium is exactly the opposite of nickel in other properties. 

Table XXXV 

Average Tests on Chromium Steel 
The steel analyzed: Carbon, 0.60 to 0.70 per cent; chromium, 
0.50 to 0.75 per cent, and the other constituents were standard. 

Tensile Elastic Elonga- Red. 

strength limit tion area 

Treatment pounds pounds per cent per cent 

Quenched at 1500 deg. Fahr., 

drawn back to 1300 deg 79,000 05,500 34.4 66.6 

Drawn back to 1050 deg, Fkhr.. 100,600 94,300 20.1 60.0 

Drawn back to 800 deg. Fahr .. 114,000 103,400 14,3 54.4 

Overheating it for prolonged periods, rapidly deteriorates 
its strength and resistance to shock. For this reason, 
a double quench gives superior qualities to chromium 
steels. Chromium .steels are capable of taking great 

hardness, without a corresponding decrease of toughness, 
this hardness coming directly from the double carbide 
of iron and chromium. Consequently, all such steels 

must be softened according to the amount of machining 
which is to follow. 

Fig. 45 shows the changes in the critical tempera- 
tures caused by different chromium contents. 

The general treatment on chromium steels is similar 
to that on the alloys containing nickel. It involves a 
quench from above the critical point, which either a draw 
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back in the air, or a reheat and quench at the lower 
temperature. 

An example of the treatment is shown in Table 
XXXV. 

Nickel With Chromium 

Nickel chromium steels probably represent one of the 
best general types of steel for heat-treated castings. 
When treated, this metal shows the beneficial result of 
the toughness and ductility of the nickel, together with 
the increased hardness and cohesion of the chromium. 
The best results are obtained by having a certain ratio 
of the two alloys, generally 21/2 parts of nickel to 1 part 

Table XXXVI 

Average Tests on Nickel-Chrome Steel 


The analysis of the metal averaged as follows: Carbon, 0.30 to 
0.40 per cent; nickel, 1.30 to 1.70 per cent; chromium, 0.60 to 0.70 
per cent. The results cover approximately 100 tests. 


Treatment 

Tensile 

strength 

pounds 

Elastic 

limit 

pounds 

Elonga- Red. 

tion area 

percent percent 

Annealed from 1500 deg. Fahr. 

66,700 

37,000 

17.6 

25.8 

Annealed from 1360 deg. Fahr. 

65,000 

32,600 

30.1 

54.3 

Quenched from 1500 deg. Fahr., 
drawn back to 1000 de. Fahr. 

90,000 

65,000 

23.9 

61.6 

Quenched from 1550 deg. Fahr., 
drawn back to 900 deg. Fahr. 

84,400 

50,050 

26.5 

67.7 


of chromium, thus giving rise to the common ratios such 
as 2.50 per cent nickel, 1.00 per cent chromium; 1.50 
nickel, 0.60 chrome; 3.50 nickel, 1.25 chrome, etc. 

These steels are manufactured by combining the 
methods used for either plain nickel or chromium steel. 
If it is remembered that nickel is difficult to oxidize, and 
chromium is easily oxidized,, no trouble should be encoun- 
tered. Basic operation is preferable, due to its ability 
to conserve the alloys in the steel. The metal is melted 
under ordinary circumstances, the alloys being added 
after the proper slag conditions have occurred. 

The same precautions must be followed as in making 
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a plain alloy steel, such as superheating^ to allow better 
diffusion of the nickel. 

The heat treatment will depend upon the character 
of the casting, and the results desired. The general 
treatment is to quench in oil from a temperature higher 
than the critical point, and draw back to the specification 
desired. For rigid or high specifications, a double quench 
is preferred. Quench from about 200 degrees Fahr. above 
the critical point, requench from just above the critical 
point, and draw back to the toughness desired. Some 

Table XXXVII 

Average Tests Nickel-Chrome Steel 
The analysis of metal averaged as follows: Carbon, 0.35 per 
cent; manganese, 0.82 per cent; nickel, 1.96 per cent; chromium, 
0.66 per cent; silicon, 0.36 per cent; sulphur, 0.022 per cent; and 
phosphorus, 0.011 per cent. These results were given in the Iron 
Trade Review of Aug. 23, 1923. 



Tensile 

Elastic 

Elonga- 

Red. 


strength 

limit 

tion 

area 

Treatment 

1600 water quench draw back 

pounds 

pounds 

percent percent 

to 1200 deg. Fahr 

130,000 

113,300 

14.6 

29.5 

Air cooled 

Furnace cooled from above 

104,760 

76,000 

21.0 

48.3 

draw 

1500 water quench, draw back 

105,800 

92,650 

23.5 

52.0 

to 1160, slow cool in furnace 
1500 water quench, draw to 

105,750 

91,700 

23.0 

52.0 

1150, quench from draw 

107,000 

89,000 

21.0 

51.1 

Do. as above 

107,050 

89,500 

23.6 

53.9 

figures on these classes i 
XXXVI and XXXVII. 

of steels 

are given in 

Tables 


War Demand Aids Molybdenum Alloy 
The stress of war gave impetus to the use of molyb- 
denum in steels. The use of molybdenum was associated 
with great resistance to impact, excellent strength, accom- 
panied by good elongations, and high reduction of area. 

However, in the foundry, the use of this metal in 
steel alloys never has been large, probably from the fact 
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that specifications could be met with more common alloys 
than for any other reason. Recently, molybdenum has 
found rather extensive use in large castings, where 
resistance to shock and great toughness are desired, 
one particular instance being in the breaking-down rolls 
for rolling mills. 

Its manufacture offers no differences from that of 
any other alloy steel. Molybdenum has similar prop- 
erties to nickel, those of being impervious to oxidation. 
Consequently it may be made in either the acid or basic 
furnace, the alloys being reclaimed in either process. 
The additions of the alloy may be made in the form of 
ferromolybdenum. This may be added at any time 

Table XXXVIII 

Average Tests op Molybdenum Steel 

The analysis of the metal was approximately as follows; Car- 
bon, 0.35 per cent; molybdenum, 0.40; nickel, 1.00; chromium, 0.80; 
manganese, 0.85. 


Treatment 

Tensile 

strength 

pounds 

Elastic 

limit 

pounds 

Elonga 

tion 

per cent 

. Red. 

area 
per cent 

Air cooled from 1450 deg. Fahr. 

162,400 

130,000 

3.5 

3.9 

Annealed from 1450 deg. Fahr 

140,400 

104,000 

13.0 

24.4 

Air cooled from 1450, drawn 
back to 1250 

119,450 

90,000 

17.0 

25.1 

Annealed from 1450, drawn to 
1260 

101,100 

60,150 

17.5 

33.7 

after the bath of metal has become thoroughly 

molten. 


or in the basic process it may be added in the form of 
calcium molybdate, in which form it tends to build its 
own slag. Having a higher melting point than any other 
alloy, except tungsten, molybdenum requires high pouring 
temoeratures to insure its thorough diffusion through- 
out the steel. Therefore, additions must be made a 
sufficient time before the tap to insure the completion of 
its fusion and consequent solution. 
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The figures shown in Table XXXVIII were obtained 
on a casting containing this element. 

Vanadium Steels 

Vanadium finds rather extensive use in making 
castings to be heat treated. It is used alone, in combina- 
tion with nickel or chromium and also with combination 
of the two. The usual percentage used is sufficient to 
allow a final vanadium analysis in the steel of from 0.15 
to 0.25 per cent, generally running about 0.18 per cent. 

Vanadium will increase the strength and ductility 
of any grade of steel but there is a considerable differ- 
ence of opinion as to the exact effect of this element. 
Some writers make the claim that it is the alloy itself 
to which these increased figures are due, and explain it 
by the action of vanadium diffusing the carbidic struc- 
ture in the steel, giving a refinement of the grain through- 
out the mass. Other writers make the claim that its 
worth is strictly one of powerful deoxidizer, stating that 
its scavenging action manifests itself on oxygen and 
nitrogen. By removing these gaseous elements, it gives 
the steel, which is considerably denser than the ordinary 
product, its increased strength and toughness which is 
the main reason for the superior tests. 

The author recently has completed a series of tests 
covering the use of vanadium in cast steel, both on the 
electric and open hearth furnace. From the results of 
these tests, vanadium is shown to have no power as a 
deoxidizer. It gives its superior results by its action on 
the carbon. The author made a large number of tests 
taking analyses for manganese, silicon and vanadium at 
various points during the heat. It was found that the 
loss of manganese and silicon increased as the pouring 
of the heat progressed, while there were no indications 
of any change in the vanadium content: 

It was found that on a 25-ton heat, the silicon loss 
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during the pour ranged from 0.08 to 0.12 per cent, while 
that of the manganese ranged from 0.04 to 0.08 per cent. 
However, the vanadium test was constant throughout this 
period. To obtain 0.18 per cent in the steel it was neces- 
sary to add only 0.20 per cent of vanadium. The loss 
of this alloy averaged approximately 10 per cent and 
was due to that which was lost through mechanical mix- 
ture with the slag. When vanadium is used, it will be 
found that the recovery of silicon is irdiich higher than in 
ordinary steels, which in a way gives rise to the oxidizing 
claims. 

The author found that this was due directly to the 
proportion of silicon in the vanadium alloy, which 
amounted to approximately 10 per cent, and when this 
was considered, the silicon losses were the same as they 
would be on a soft steel heat. After the proportion of 
vanadium drops below 0.15 per cent, the tensile strength 
and elastic limit is considerably lower, while there appears 
to be no advantage in running the steel past 0.25 per 
cent vanadium. With a steel of approximately 0.25 per 
cent carbon, there is only enough free carbon to take 
care of this 0.18 per cent vanadium and .when vanadium 
is added above that figure remains in the steel as an inert 
element, it represents but an added cost with no ad- 
vantage. 

Vanadium is a metal with a higher fusing point 
than those more commonly used and consequently must 
be given a slightly different treatment than either man- 
ganese or silicon. 

In acid and basic open-hearth furnaces, this alloy 
was added at the spout using it crushed to the size of V^- 
inch mesh. In the basic electric furnace, this alloy was 
added approximately a half hour before tapping, while 
in the acid furnace it was added directly in the ladle. 
While this adding in the ladle is not as good a practice 
as it might be, the acid steel is poured so hot that com- 
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plete assimilation is assured and no evidences of segre- 
gation were found. If the acid steel was poured rather 
'cold, the vanadium was added to the furnace; being 
slightly moistened and the slag thoroughly rabbled imme- 
diately after its addition. Practically all of the vanadium 
may be reclaimed from the scrap when melting in the 
basic furnace and approximately 50 per cent in the acid 
furnace. 

The following tests represent the result of vanadium 
steel as made in the acid electric furnace. The metal 
analyzed carbon, 0.30 per cent; maganese, 0.75 per cent; 
phosphorus, 0.028 per cent; sulphur, 0.052 per cent; 
silicon, 0.35 per cent and vanadium, 0.20 per cent. The 
test results follow: 


Test Bjir No. 1 

Heated in 1700 dej^rees Fahr. Held at temperature IVL* hours. 
Cooled in air 

Tensile ... , .... ... 300 pounds 

Elastic limit .... 02,000 pounds 

Elonj>:ation 24 per cent 

Rwluction . ... 30.7 per cent 

Fiacture . cup, .silky 


Test Bar No. 2 
Same a.s No 1, but cooled in fuinace. 

Tensile .02,250 pounds 

Elastic . . . 50,100 pounds 

Elon^?ation 25 per cent 

Reduction 40.7 per cent 


Test Bar No. 3 

Heated to 1700 degrees Fahr. Held at temperature IV 2 hours, 
(^ooled in air. Heated to 1400 degrees Fahr. Held at temperature 
1 hour and 30 minute.s. Cooled in air. 

Ten.sile 92,250 pounds 

Ela.stic 60,500 pounds 

Elongation 20.5 per cent 

Reduction 47.2 per cent 


Test Bar No. 4 

Same as No. 3, but allowed to cool in furnace after draw. 


Tensile 89,1 50 pounds 

Elastic 54,600 pounds 

Elongation » 27.5 per cent 

Reduction 52 per cent 
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Test Bar No. 5 

Heated at 3700 degrees Fahr. Held at temperature 1 hour. 
Cooled rapidly in air. 

Tensile 103,000 pounds 

Ela.stic 70,000 pounds 

Elongation 20 per cent 

Reduction 36.6 per cent 


Test Bar No. 6 
Same treatment as No. 5. 

Tensile .103,650 pounds 

Elastic . .69,720 pounds 

Elongation 20.8 per cent 

Reduction 35.9 per cent 


Test Bar No. 7 

Heated to 3700 degrees Fahr. Hold at temperature 1 hour. 
Cooled in furnace. 

Tensile 92,750 pounds 

Elastic 56,500 pounds 

Elongation 25 per cent 

Reduction 45.4 per cent 

A second series of bars was tested. These had the 
following analysis: Carbon, 0.42 per cent; manganese, 
0.93 per cent; phosphorus, 0.025 per cent; sulphur, 0.047 
per cent; silicon, 0.32 per cent; vanadium, 0.21 per cent. 
The results of these tests follow: 

Test Bar No. 1 
Heated to 1650 degrees Fahr Held 

Tensile 

Elastic 

Elongation 
Reduction . . 

Test Bar No. 2 
Heated to 1660 degrees Fahr Held 

Tensile 

Ela.stic 

Elongation ... 

Reduction 

Te.st Bar No. 3 

Same as No. 2, but reheated to 1450 degrees Fahr. Held 2 


hours and air cooled. 

Tensile 98,800 pounds 

Elastic ..64,500 pounds 

Elongation 15 per cent 

Reduction 19.8 per cent 


2 hours and air cooled. 
1 1 2,000 pounds 
. 80,500 pounds 
12.5 per cent 
17.7 percent 


2 \'> hours. Air cooled. 
117,900 pounds 
81 ,000 pounds 
11.5 per cent 
1 5 2 per cent 
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Test Bar No. 4 

Heated to 1700 degrees Fahr. Held 2 hours and air cooled. 


Tensile 110,560 pounds 

Elastic 77,250 pounds 

Elongation 12.9 per cent 

Reduction 18. 2 per cent 


Teat Bar No. 5 


Same as No. 4 but reheated to 1450 degrees Fahr. Held 2 
hours and air cooled. 

Tensile 97,750 pounds 

Elastic 65,200 pounds 

Elongation 15.3 per cent 

Reduction 19.6 per cent 


Test Bar No. 6 

Forged down to %-inch round from a 2-inch square bar before 
being reheated. Heated to 1660 degrees Fahr. Held 2 hours and 
cooled in air. 

Tensile 106,250 pounds 

Elastic 75,800 pounds 

Elongation 16 per cent 

Reduction 19.1 percent 


Teat Bar No. 7 

Same as test bar No. 6 but drawn at 1450 degrees Fahr. Held 
2 hours and air cooled. 

Tensile 98,260 pounds 

Elastic 66,260 pounds 

Elongation 16.8 per cent 

Reduction 20.1 per cent 

The fractures from annealing lugs or castings poured 
from vanadium steel give an extremely fine grain and 
dense structure. A carbon steel carrying 0.25 per cent 
carbon with vanadium gives a similar appearance to 0.40 
or 0.45 per cent plain carbon steel. 

Authors differ as to the proper temperature at which 
to treat these steels. These range from 1550 degrees to 
1900 degrees Fahr. The author finds that a temperature 
of from 1675 degrees to 1700 degrees offers probably 
the best temperature for the ordinary soft carbon steels. 

As the influence of vanadium becomes better known, 
its use will increase for equal results 'may be obtained 
using this element as with nickel-chrome steels, with the 
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added advantage that the vanadium steel will be con- 
siderably cheaper per pound of metal. 

Zirconium Steel 

Zirconium has assumed prominence recently through 
extensive experiments conducted to determine its favor- 
able or unfavorable effect upon steel. The partial results 
of this series of tests has been described by F. M. Becket 
in the Iron Age of May 10, 1923. He states as follows: 

Zirconium has greater affinity for oxygen than has 
silicon and, due to this fact, increased silicon recoveries 
are made in finished steels by the use of zirconium-silicon 
alloys. This greater recovery of silicon is marked when 
an alloy of 35 per cent zirconium is used. For example, 
in a series of 40 heats of basic electric furnace steel, an 
average recovery of 98 per cent of the silicon was realized 
as compared to a recovery of 84 per cent for ordinary ferro- 
silicon added under identical conditions and in o(juivalent 
percentages of added silicon to duplicate ladles. This 
particular series resulted in a 56 per cent recovei*y of 
zirconium, a ladle addition of 0.15 per cent being made 
in each case. 

The rate of the reducing action of zirconium on the 
impurities present in molten steel is not only more rapid 
than that of silicon, but zirconium is more efficacious in 
removing the final traces of oxygen and nitrogen. Zir- 
conium steels exhibit a cleanness which api)ears to be 
the result of a more deep seated action than mere com- 
bination. such as characterizes the more common deoxid- 
izing agents. 

No indication of inclusions of zirconium oxides has 
been observed in the course of the investigation, all the 
evidence pointing to the fact that this element forms a 
fusible slag with the iron and manganese oxides, and 
rapidly finds its way to the surface of the metal. Minute 
yellow crystals of zirconium nitride generally are observed 
in steels which have been treated with zirconium in excess 
of 0.10 per cent. They are strictly limited in number and 
represent the residium of the nitrogen content of the 
steel which was fixed by zirconium but not slagged off 
prior to solidification. That these inclusions do not exer- 
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cise a harmful effect has been shown by tests covering 
this particular point. 

When zirconium is added to steel in excess of 0.15 
per cent this element assumes a new role by chemically 
combining with sulphur to form an acid insoluble com- 
pound not detected by the ordinary evolution method of 
analysis. It has been determined that for basic electric 
steel practice when the alloy is added to the ladle, every 
part of zirconium in excess of 0.15 per cent fixes 0.10 
parts of sulphur as an acid insoluble zirconium sulphur 
compound. This chemical combination is as effective 
for ordinary sulphur analyses as on those containing 
abnormal amounts of this element. 

A 5-ton acid openhearth heat and a 10-ton basic 
electric heat may be cited as examples of the influence 
of zirconium on the sulphur. In the former case an addi- 
tion of 0.27 per cent zirconium lowered the sulphur 
from an initial percentage of 0.040 per cent to a final 
value of 0.025 per cent. In the latter 0.22 per cent of 
added zirconium diminished the sulphur from 0.020 per 
cent to 0.009 per cent, leaving a residual zirconium 
content in the steel of 0.15 per cent. Steels containing 
0.08 per cent total sulphur have been reduced by ladle 
additions to a total sulphur of 0.048 per cent. 

From the foregoing data it appears that the value 
of zirconium lies in its powerful action as a scavenger 
more than its ability to confer advantages by its propen- 
sities as an alloy. This element is not, as yet, widely 
known and later discoveries may prove its value for 
further uses. 


Silico7f Steel 

Ordinary steel castings contain silicon in amounts 
varying from 0.25 to 0.35 per cent, although in certain 
instances either higher or lower percentages may be 
found. It has long passed as true that steel castings 
with higher silicon contents than those mentioned would 
have a tendency to crack and tear badly in the mold, and 
cause difficulty. That this is a fallacy has been proved 
by the author many times. Electric furnace heats have 



254 Refining Metals Electrically 


been made with silicons running as high as 1.00 per 
cent, and no cracked castings have been found where 
the trouble was due directly to high silicon. It is per- 
fectly true that the steels with a high silicon content offer 
difficulty if treated in a similar manner to those of the 
lower percentages, but when a steel of this character is 
handled properly satisfactory results may be obtained 
from its use. 

The first point noted in handling these steels is the 
high degree of solidity, which naturally is expected. This 
gives rise to a higher shrinkage, and the feeding heads 
must be made larger for a given casting. This also leads 
to a quicker body shrinkage of the piece, and care must 
be exercised to allow for this by loosening the heads and 
gates on large castings after the pour. With these steels, 
the use of coke filled cores, wood inserts, sawdust fillers, 
etc., finds constant application as a preventative for 
tearing and cracking. 

The second point noticeable is the fluidity of the metal 
at apparently low temperatures. This is especially 
marked when taking tests from the furnace, and noting 
the time necessary for the skin to form on the metal in 
the spoon. With the ordinary grade of steel containing 
low silicon, the steel will remain fluid for probably 30 
seconds on a fairly hot heat. With the steels containing 
higher silicon, the metal will skin in the spoon in a 
few seconds on exposure to the air, but will pour clean 
when apparently set. This leads to considerable trouble 
in ascertaining the proper pouring temperature, the 
metal either being poured too cold, or extremely hot, 
both of which cause loss to the foundry. 

The third, and most advantageous point in relation 
to this metal is the wearing quality it gives a steel 
without any increase in machining difficulty or great 
decrease in ductility. Consequently, it finds considerable 
use in classes of work where high resistance to wear is 
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required, and where machine work on the piece is ex- 
tensive. Such instances as cut gears, cams, eccentrics, 
etc., of complicated shape, offer exceptional qualities when 
cast of this metal. While it does not approach either man- 
ganese steel or the more complicated alloy mixtures in 
length of service, it can be machined readily and does 
not require heat treatment to bring out its beneficial 
properties. Further, an entire heat of this metal may be 
cast, and the other castings poured will give satisfactory 
service when handled in the ordinary foundry routine. 

The best analysis to give the desired results with 
this steel is about as follows: Carbon, 0.30 to 0.35 per 
cent; manganese, 0.60 to 0.70 per cent; and silicon, 0.50 
to 0.60 per cent. A steel of such analysis will have a 
tensile Strength of approximately 12,000 to 15,000 pounds 
higher than one with a low silicon content, with a de- 
crease in the elongation of only about 4.00 to 5.00 per 
cent. The elastic limits of high silicon steel are con- 
siderably higher than those to be had on ordinary 
analyses. The standard bend bars will give exactly the 
same degree of bend for higher silicon steels as for the 
lower content, bars of low carbon steel having bent 
180 degrees cold, when the silicon analyzed over 2.00 
per cent. 

With silicons above 0.70 per cent difficulty may be 
found in welding the minor defects, especially if acetylene 
is used'. The electric arc may be used in welding until 
the percentage of silicon approaches close to 1.00 per 
cent. The effect of silicon in any quenching operation 
may be considered as negative. 

High silicon steel may be made either by the acid* 
or the basic process, the latter giving more regular 
results. If made by the acid method, the steel is finished 
according to general acid practice the silicon being added 
to the furnace a few minutes before the pour, sufficient 
time being given to assure its thorough assimilation. 
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Twenty per cent over the required amount usually is 
added to take care of the oxidation loss, which is high. 

If made by the basic process, the heat is finished 
under a carbide slag, the silicon being added as for 
ordinary steel, 10 per cent additional being required. A 
small amount of lime should be added with the silicon 
to prevent any tendency of the silicon thinning the slag, 
and to assure its thorough reduction into the metal. 
Appendix Tables 22 and 23 are logs on silicon steel heats. 

The point of greatest difficulty in the manufacture 
of this metal is judging the proper temperature. The 
common spoon or skin test is of no value, the metal form- 
ing a film directly on exposure to the air, regardless of 
its temperature. Similarly, pouring over the lip of the 
spoon and noting the manner in which the steel sets in 
the chill mold is of no value, the metal setting at once. 
The steel in the test spoon does not have the mercury- 
like appearance of low silicon metal, but appears creamy, 
and shows small, silvery spots over the surface. It looks 
as if the metal would freeze in the spoon at once, yet on 
pouring it will leave no vestige of a skull. The most 
reliable test of temperature is to determine exactly the 
length of time it takes an ordinary heat to come to pour- 
ing temperature after a clean drain from the lest spoon, 
and then run the silicon heat in exactly the same manner. 
Of course, this will be different for every shop and will 
be determined largely by the power input to the furnace, 
and the number of gates which must be poured from the 
heat. After several trials it becomes easy to judge its 
temperature from slight variations in the color of the 
metal. Also it may be determined how many gates may 
be poured safely. This steel will pour intricate castings 
at temperatures at which the lower silicon steels freeze. 

These classes of steels react in the same manner 
to heat treatments, as plain steels of a similar carbon 
content. 



XIII 

GRAY IRON 

A S THE use of the electric furnace in the manufacture 
of steel castings became more common, it was 
natural that its use for melting gray iron should 
follow. Many electric steel foundries also manufactured 
iron castings, and when the great refining ability of the 
electric furnace became known, it was assumed that such 
a characteristic would materially aid in increasing the 
quality of the iron itself. 

The result of such supposition was a trial of making 
cast iron by the electric process. It soon was noticed 
that such a treatment was exceedingly beneficial, and 
experiments were made to determine exactly the results 
and direct benefits which would accrue from such a 
treatment. 

The first point of great importance was the ability 
of the electric furnace to furnish iron at a high tem- 
perature. When this is compared with the average cupola 
practice its manifest advantages can be observed. Cupola 
operation may be classified by a temperature gradient 
into three sections: 

Those foundries producing iron at 2600 degrees Fahr. 
or over. 

The average foundry with iron at 2500 to 2600 
degi’ees Fahr- 

Poor practice with the iron under 2500 degrees Fahr. 
As cast iron melts at 2250 degrees Fahr., and freezes 
at about 2100 degrees Fahr., the practices classified offer 
molten iron superheated from approximately 200 to 400 
degrees Fahr. When it is considered that the average 
loss in heat of iron from the cupola to the time of 
actually pouring the mold is about 200 degrees Fahr. it 
readily is seen that the cupola melting does not heat the 
iron to high enough temperature. The direct result is to 
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increase the percentage of lost castings, from such items 
as misruns, cold shuts, shrinks, etc. 

With the electric furnace, the direct opposite to this 
is the rule. The metal may be heated readily to 2750 
degrees Fahr., offering sufficient leeway not only to take 
care of the lost temperature due to handling on the floor, 
but to provide sufficient temperature at the mouth of 
the mold to insure a clean run. Hot iron, poured in a 
mold, has a much greater chance to give a thoroughly 
solid casting than one poured at a temperature only a 
few degrees above the point of solidification. Conse- 
quently, superheating the metal is the first great advan- 
tage of the electric furnace. 

This is true not only of the standard irons, con- 
taining a high percentage of phosphorus, but is equally 
true of the so-called high strength irons, which are 
notably difficult to make in the cupola for small or 
intricate work. With the electric furnace, iron can be 
poured with ease which would offer great difficulty if 
made in the cupola. 

The second point of advantage is that of being 
able to reduce the sulphur coincident with superheating, 
and during the same operation thoroughly to deoxidize 
the metal. Sulphur is directly accountable for many 
foundry difficulties, being one of the prime causes of hard 
spots, dirty inclusions, and weakening of the iron by 
breaking up the continuity of the structure. It may be 
one of the causes behind the cracking of certain castings. 
It is reasonable to believe that a lowering of the sulphur 
aids the metal by removing some of these causes of 
trouble. This point has been proved so many times that 
further comment becomes unnecessary. 

The third point observed is the ability to offer metal 
of uniform grade over any specified period, with absolute 
regularity. With modern production methods in the 
machine shops, such an item is of prime importance 
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and is becoming more widely appreciated. This range 
of metal passes from the softest irons to those of great 
strength, made by using large percentages of steel in the 
mixtures, all of which can be made easily and well in 
the electric furnace. 

Therefore, the main results of electric furnace opera- 
tion may be classed as follows: 

Superheating 

Lowers the percentage of lost castings. 

Gives castings of better appearance, and greater 
solidity. 

The size of the heads may be lowered due to the 
great fluidity of the metal. 

A considerable saving of iron and labor is affected 
due to a lowering of the amount of pig and ladle skulls. 

The metal enters the mold in a cleaner state, the 
impurities rapidly tending to clear themselves from this 
fluid iron, resulting in lower losses from sand and slag 
spots. 

The, iron is naturally of a higher quality and con- 
siderably stronger. 

Refining 

Electric melting deoxidizes the iron, which con- 
stitutes an advantage as great as if steel were being cast. 

The sulphur may be lowered to any desired point 
with many advantages. 

Lower sulphurs require lower percentages of man- 
ganese constituting an important saving over an extended 
period of time. 

Composition 

Analyses of absolute regularity can be made. 

Low phosphorus irons, with their great strength 
can be melted and cast easily and readily. 

Large proportions of steel can be used to give irons 
of widely varying characteristics. 

Economic 

Pig iron can be absolutely eliminated from the 
charges. 

Such a scrap as borings may be readily handled with 
insignificant losses. 
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The foundry is independent of the quality of the 
coke supply. 

Large pieces impossible of cupola melting may be 
used with success. 

Even with these advantages, the electric furnace is 
but slowly gaining a foothold in the iron foundry, due 
to the high initial cost and expense of operation. The 
average customer is not interested in the quality of his 
metal, but desires to receive a nice appearing casting 
at the lowest possible price. As the cupola can make iron 
considerably cheaper than the electric furnace, the latter 
is being more widely used where the quality of the metal 
far outweighs any slight increase in the cost of pro- 
duction. Such instances, as in the manufacture of cast- 
ings to withstand high pressures or in cases where metal 
of absolute regularity of composition is desired, offer 
the most outstanding examples of the use of the electric 
furnace. Of course, under certain conditions the electric 
furnace is cheaper by being able to offer a stronger iron 
of thinner section such as in pipe work, etc., where this 
ratio is in favor of electric operation. In parts of the 
country where power is cheap, and coke and pig iron 
dear, for instance on the Pacific coast, the electric fur- 
nace is coming forward on its cost basis more than on its 
advantages of producing metal of higher quality. 

Melting Gray Iron by the Acid Process 

The acid process offers the qualities of superheating 
only. It has no powers of desulphurizing or deoxidizing 
by the use of certain slag baths, its power of eliminating 
the bases being strictly a function of its silicon. The 
regularity of composition may be considered as fair only, 
due to the rapid changes of silicon in the metal, especiallj^ 
at higher temperatures. It offers certain economic 
advantages of cheapness, and ability to use certain classes 
of scrap inapplicable to cupola melting. Its use is ex- 
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tremely limited and there seem to be no points which 
should warrant any great increase in its use. 

Its main advantage lies in the fact that the shop 
making a specialty of steel castings has at hand the 
required equipment necessary to make iron castings as a 
fill-in job. This is important, especially in locations far 
from the base of supply where an iron casting is often 
required in a great hurry for a breakdown job. Then, 
the shop making both iron and steel castings in the 
electric furnace is enabled to offer more regular operations 
with the great advantage of a hot furnace and a lower- 
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ing of the overhead. That these points are appreciated 
is shown by the large number of foundries making steel 
castings, which also are engaged in the manufacture 
of iron castings as a side line. 

For regular operations on iron the author cannot 
recommend the acid furnace, the basic process offering 
far greater advantages. This acid iron practice is 
given merely as a metallurgical aid to 'the shop which at 
any time may be called on for a heat of gray iron. 
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Melting Down 

The furnace is charged in a manner similar to the 
practice in making a heat of steel, the charge consisting 
of a good grade of cast-iron scrap, with which may be 
mixed as many cast-iron borings or turnings as can 
be had. It must be remembered that a soft, high speed 
machinable iron, cannot be made in the electric furnace 
from any other class of scrap than that mentioned, with 
the one exception of pig iron, which is eliminated due to 
its prohibitive cost. Cases have been noted where soft, 
gray iron was made from a base of steel scrap, but the 



Fig, 47 — Fracture Test of Gray Iron Casting Made From Metal 
Melted in an Acid Furnace 


author worked on this problem for nearly two years, and 
found that while it could be made with certain reserva- 
tions, its use could not be recommended due to the lack 
of regularity. 

As cast iron has not the conductive power of steel, 
trouble may be experienced* in obtaining an arc at the 
start of the heat, especially if melting a charge of 100 
per cent borings. This offers no difficulty as the elec- 
trodes may be lowered until they are resting on the 
charge. The current will immediately begin its passage 
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through the metal, and while there will be no heavy load 
pulled, the result will be innumerable small arcs breaking 
throughout the furnace. The result of this, together with 
the heat caused by resistance, will be the formation of 
small pools of metal throughout the charge and as these 
increase in size, the load will pick up, and the bath will 
come down rapidly. If no load at all can be drawn, a 
small amount of coke, or an old piece of electrode may 
be placed over the top of the charge to draw the arc. 
The flame soon will fuse the top layers of the iron enough 
to form contact and the arc will pick up rapidly. 

Car'bon Loss Must Be Corrected 

As there will always be a slight loss in the carbon 
content on melting down, this must be counteracted by 
the addition of a small amount of coke added with the 
charge, 0.25 per cent carbon content being the average 
amount. This should be added about in the center of 
the charge so that it will be in the area of highest 
temperature, such a condition being favorable to maxi- 
mum absorption. 

As soon as the charge has melted, a metal test 
should be taken and poured in a sand mold. As soon 
as black this may be broken and judged by fracture or 
sent to the chemist for a carbon test. The fracture test 
is reliable, and while it does not denote the percentage 
of carbon, it does show whether the metal is soft enough 
for the average casting. If the carbon is of the proper 
percentage, the heat may be continued. If the fracture 
shows the heat is likely to be too hard, coke must be 
added and rabbled into the metal. Superheating the 
metal, and freedom from slag are the two main points to 
consider in raising the carbon content, a high temperature 
and low slag body favoring such action. The recarbon- 
izer used should be of low ash content, and of sufficient 
weight so that it will not float too high on the surface 
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of the bath, as charcoal for instance will do. Graphite 
flakes are excellent for such a purpose, as is a good grade 
of low ash coke or anthracite coal, as low in sulphur as 
can be had. 

This fracture test also will show relatively the silicon 
content. This may require a slight addition. In this 
respect we encounter a peculiarity in that the melting 
point of ferrosilicon is above that of the iron. This 
addition will float on the surface of the bath until its 


Table XXXIX 


(mEMlCAL 

Changes 

IN Acid 

Cast Ikon 



Percentages of 
Tot. Car Mang. Sil. 

Phos. 

Sul. 

Borings 100 Per cent 

Charge 

3.44 

0.63 

2.12 

0.244 

0,077 

3.31) 

0.63 

2.16 



Heat analysis 

3 31) 

0 66 

2.13 

6.248 

6.077 

3.41 

0.66 

2.17 



Pig iron 100 Per cent 

Charge ^ 

3.17 

0 45 

3.28 

0.112 

0.047 

Heat analysis 

. 3 56 

0 46 

3.14 

0 114 

0.058 

Charge 

3.45 

0 55 

3 27 

0 039 

0.014 

Heat analysis . . 

. 3.12 


3.24 

0 022 

0.023 

Charge 

. . 3.75 

0 5 1 

3.26 

0.042 

0.010 

Heat analysis 

. 3.69 

0 55 

3.12 

0.042 

0.024 


character has so changed by fusion and combination 
with the iron itself, that its melting point, is lowered 
and absorption results. Therefore, it is imperative that 
no such addition should ever be made unless accompanied 
by sufficient carbon to assure a highly reducing atmos- 
phere. The silicon need offer no difficulty as when the 
temperature of the iron becomes high, the slag may 
be slightly thickened when the silicon will be reduced 
into the metal from the silicon of the slag, in a similar 
manner to the action of a slag on a heat of acid steel, 
although not at all noticable, except by the appearance 
of the fracture or the analysis of the chemist. 

As soon as possible the carbon should be adjusted, 
that the finishing slag may be built. Such a slag is 
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required to hold the heat in the metal and to prevent 
radiation to the refractories. This slag is made of 
sand mixed with lime, the lime consisting of 20 to 25 
per cent of the mixture. Enough is used adequately 
to cover the metal. At first this slag may tend to lump, 
but as the temperature increases in the furnace, it grad- 
ually will melt, and by being rabbled occasionally will 
diffuse thoroughly and furnish the proper blanket condi- 
tion. 

Considerable manipulation is required to keep such 
a slag in its proper condition. Due to the high sili- 
con content of the metal, this slag is likely to thicken 
to a point where it becomes thick and gummy. The anti- 
dote to such a state of affairs is either a little lime, or 
limerock, carefully spread over the surface. Marble 
chippings, and oyster shells may be used to furnish the 
lime content and give fine service at a low cost. The 
log of an acid electric furnace is given in Table 24, 
Appendix. 

Bring Up Temperature 

The analysis of the metal being satisfactory, and 
its fracture appearance good, the next step is bring- 
ing up to temperature. Tests are taken with a standard 
spoon until the metal begins to lose its sluggish appear- 
ance. 

At this point, the iron rapidly is becoming super- 
heated, and when it reaches a bluish appearance, it is 
hot enough to pour the most intricate castings. The 
heat is tapped and ordinary foundry procedure followed. 

From this it may be seen that the melting of iron 
on the acid hearth is but a step in advance of cupola 
operations in that it allows of cer].ain refinements, name- 
ly superheating and a slight adjustment of the chemical 
contents as given in Table XXXIX. Some physical tests 
are given in Tables XL and XLI. 

The basic process offers the great advantages for 
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melting gra^' iron, in that superheating is possible, and 
there is the added advantage of great refining, coupled 
With close chemical control. It is toward this method 
of operation that future developments are tending along 
wider lines. 

By using the cupola to melt the charges a large 
saving is made in the cost of conversion, as practically 


Table XL 

Physical Tests of Acid Iron** 

Mod, of Deflcc- 




I'ot C 

Mang 

Sil 

Phos 

Sul 

Load 

Rupt 

tlOIl 

Borings . 


3 21 

0 SO 

2 46 

0 S8 

0 068 

3460 

54000 

0.15+ 



3 18 

0 46 

2 11 

0 72 

0 060 

3220 

50200 

0 171 



3 26 

0 S7 

2 26 

0 51 

0 088 

3330 

52000 

0 183 

Pi» jiid strap 

3 2S 

0 74 

2 18 

0 10 

0 025 

3280 

51200 

0 175 



3 26 

0 57 

2 21 

0 24 

0 030 

3 370 

52600 

0 212 



3 28 

0 76 

2 20 

0 24 

0 044 

3300 

51500 

0 157 

Shop scr.ip 


3 28 

0 SO 

2 23 

0 51 

0 082 

3610 

56300 

0 156 



3 U) 

0 SO 

2 IS 

0 52 

0 087 

3370 

52500 

0 195 



5 23 

0 47 

2 32 

0 48 

0 086 

3420 

53400 

0 175 
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illi.iins 
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'l’cir>, Trans. \iii 

Lift Ciicm Sot 
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Table XLI 







Acid 

Electric Furnace 

Iron* 












Mod of 


'lot L 

VI a 11 g 

Sil 

PllOS 

Sill 

Cl 

Ni. 

Lo.id 

Riipi 

I>H 

Pig Iron, shop scr.ip .iiiJ 20 pci 

cent bitcl 






3 24 

0 60 

2 n 

0 S8 

0 06 S 



4440 

66250 

0 185 

2 ')7 

0 >7 

2 10 

0 SI 

0 066 



4680 

73000 

0 175 

I 21 

0 76 

2 47 

0 66 

0 02S 



4250 

66300 

0 222 

» \0 

0 70 

2 33 

0 ISS 

0 024 



4 350 

67600 

0 200 

3 01 

0 SO 

2 00 

0 J >8 

0 026 



4680 

73100 

0 183 

Pig Iron 20 per cent 

sict 1 10 t< 

> 12 ptr 

tent Ma>.i 

11 Imn 





3.07 

0 70 

2 t,2 

0 22 

0 0 37 

0 40 

0 20 

4480 

66800 

0 166 

1 11 

0 s« 

2 6‘> 

0 248 

0 0 38 

0 .36 

(1 18 

4520 

70500 

0 172 

3 02 

0 6S 

2 72 

0 12 

0 0 30 

0 25 

0 12 

4570 

71400 

0 175 

3 31 

0 6« 

2 28 

0 1.70 

0 (I2S 

0 30 

0 15 

4460 

66 500 

0 230 

3 03 

0 S6 

2 S.s 

0 085 

0 023 

0 28 

0 14 

4640 

72300 

0 241 


\I Williims irid T H 'Jciry 


80 per cent of the power used is for melting. The ad- 
vantages of the electric furnace, except in special cases, 
are manifested only during the finishing operation, after 
the heat has reached Jhe Tnolten state. Any means to 
cheapen or hasten the melting of cold scrap is of prime 
importance and deserves serious consideration. 

The metal as melted in the cupola does not require 
much pig, only enough being used to insure proper melt- 
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ing, and in many cases a charge of 100 ^ cent scrap 
may be used. This molten metal is transferred to the 
electric furnace by an ordinary foundry ladle, and as 
soon as it is placed in the furnace, the current is turned 
on, the lime slag added, and the metal superheated and 
refined to the desired point. Improvement in the iron 
by using the duplexing process is given in Table XLII 
and the log of a duplexed heat in the Appendix. Table 

TABLE XIAI 

IMPUOVEMKNT OF CaST IrON DuE TO DUPLEXING' 

IMu)i)lujr- TrHiiHverae 



Carbon 

Silicon Manirnnose 

us 

Siiliihur BtrcnKth 

Cupola 

3 48 

1 92 

0 50 

0 53 

0 090 

2812 

Electric 

3 38 

1 82 

0 01 

0 51 

0 022 

4118 

Cupola 

3 bO 

1 79 

051 

0 02 

0 158 

2770 

Electric 

3 22(1) 

1 94(2) 

0 51 

0 01 

0 052 

3985 

Cupola 

3 35 

1.01 

0.72 

0 50 

0 091 

3748 

Elc'ctnc 

3 20 

1 77 

0 73 

0 58 

0 018 

5096 

Cupola 

3 40 

1 04 

0 42 

0 58 

0 0(i9 

3ri02 

Electric 

. 3 41 

2 21(2> 

0 14 

0 50 

0 020 

4212 

Ciipolii 

2 90 

1 51 

0 43 

0 51 

0 151 


EIchM ric 

2 01 

2 28(2) 

0 51(3) 

0 55 

0 013 

4200 

Cupola , 

. 2 77 

0 89 

0 24 

0 44 

0 1(50 


Electric 

2 00 

2 18(2) 

0 52(3) 

0 40 

0 057 

5114 

Cupola 

3 30 

2 10 

0 77 

(1 02 

0 057 

2815 

Electric 

3 14(1) 

1 00 

0 hi 

0 55(4 ( 

0 010 

2824 

Cupola . 

3 45 

1 83 

0 34 

0 48 

0 112 

3316 

Electric 

3 38 

2.30(2) 

0 30 

0 17 

0 033 

4022 

Electric only 

2 94 

1 52 

0 02 

0 27 

(1 009 

4144 


I'D Carbon rcductnl by mill scalo in iMrclric furn.'uo 
(2) Ferros il iron iiddeil ui electric fmnace 
(3( I<>rromiiiijran(>se added in eleclru furnace 
M) (Carbon and pbosfdiorus reduced by ddution witb steel 
*G, K Elliot 


25. While this treatment greatly improves the iron it 
involves a certain cost. Consequently, the best success 
is obtained when the cupola itself is operated along lines 
of the highest possible etTiciency. Iron which has been 
badly burned in the cupola, or iron from a poor grade 
of scrap, never can be brought back into a first class 
metal, except at an unreasonable cost in time and cur- 
rent for electric refining. In the same manner, the hot- 
ter the iron comes from the cupola the less time required 
in the electric furnace to superheat. Hot cupola metal 
means a considerable power saving. 

The time which will be required for a heat of iron 
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to be duplexed in the electric furnace will depend upon 
certain points. These are: 

The sulphur in the initial charge. 

The sulphur allowable in the final product. 

The initial temperature of the iron entering the elec- 
tric furnace. 

The required pouring temperature. 

The condition of the metal in relation to its amount 
of oxides or other gases which must be eliminated. 

The amount of chemical manipulation which may 
be required. 

Removal of Sulphur 

Under a lime and fluorspar slag, consisting of ap- 
proximately 2 per cent of the charge in weight, it will 
take about 30 minutes under a white falling slag to lower 
the sulphur 0.05 per cent. The same length of time 
will raise the temperature of the iron poured into the 
electric furnace about 275 to 300 degrees Fahr. As con- 
ditions change, this period may be prolonged to an hour, 
or even more in special instances. For the shop enter- 
ing on electric duplexed iron, 45 minutes will prove to 
be suitable at the start, until exact figures are obtained, 
when the time may be either lowered or increased. 

George K. Elliott, Lunkenheimer Co., Cincinnati, 
gives the following figures on the elimination of sulphur 
during duplexing: 


Per cent 

Time in electric furnace 

sulphur 

minutes 

O.lfjG 

As received from the cupola 

0.133 

10 

0.112 

20 

0.079 

30 

0.036 

40 

0.031 

50 

0.014 

64 


From these data it may be seen that this particular 
heat could have been nicely poured at the end of the 40- 
minute period, the melting in this instance being pro- 
longed in order that further data on the sulphur reduc- 
tion could be obtained. The refining action of slag on a 
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heat of cast iron is extremely powerful, due to the fact 
that the slag may be literally soaked with coke dust or 
other carbonaceous matter, without any detriment to 
the metal, a point of impossibility when working a heat 
of steel. As the elimination of sulphur follows directly 
the rise in temperature, a high temperature coupled with 
a heavy carbide slag is a strong indication of the degree 
of desulphurization. Of course, exact figures of time must 
be worked out accurately for each shop, as different lo- 
calities will have scrap, varying in its condition and also 
in its chemical analysis. 

Adding the Slag Forming Material 

Assuming that the electric furnace has just finished 
pouring a heat of either iron or steel, the first step will 
be the patching of the hearth and walls, and the time 
allowed for this fettled material to set slightly. The fur- 
nace now is ready for the ladle of metal from the cu- 
pola. Several permissible methods of adding the slag 
making material may be followed. It may be added on 
the hearth before the ladle is brought up; it may be 
added to the furnace as the metal is being added; or it 
may be added after the furnace has been filled. 

Of these three the second method probably is the 
best. If the slag making material is added to the hearth, 
there is always a tendency for the lime to cake and 
build up the bottom, requiring added labor to keep the 
hearth in its proper shape and depth. If the slag mak- 
ing material is added to the iron after the furnace has 
been filled, there is again the tendency to cake until the 
iron has become throughly superheated, thus lessening 
the effective time in which this slag has to operate on 
the metal. By adding the slag material to the incoming 
stream it is at once heated throughout; it is thoroughly 
distributed not only on the surface of the metal, but 
throughout the mass of the iron itself. Therefore, there 
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is little chance of this slag caking, and the effective time 
of Tuning is lengthened. 

This slag will be made of the required amount of 
lime thoroughly mixed with crushed fluorspar and coke 
dust. The spar will consist of about 20 to 40 per cent 
of the lime, while the coke will be the amount required 
to give the slag mixture a dark color. This slag either 
may be shoveled into the furnace or placed in a chute 
over the door so that by opening a door the contents will 
flow into the stream, in a manner similar to certain open 
hearth installations where such a contrivance is used to 
add the ferroalloy to the ladle. The main points of im- 
portance relative to the slag are that it should be of a 
small mesh size, and that it should be thoroughly mixed. 
The easiest method of obtaining such conditions is to mix 
a large batch at one time in a grinding pan, where the 
components are not only thoroughly mixed, but pulverized 
during the operation. While the data on slags are fol- 
lowed by the author, changes may be required in various 
localities, due to changes in the scrap available, the char- 
acter of the lime and spdr, etc. 

The First Operation 

The metal and slag being in the furnace the entire 
bath is given a heavy dusting of coke and the furnace 
sealed. If working under strict chemical specification 
this is the proper time to take a test for chemical exam- 
ination. Otherwise the furnace doors are tightly closed 
and the current started. It will take approximately 10 
minutes under a full load to eliminate the chilling effect 
which the metal has experienced during transportation 
from the cupola, unless the -iron has been tapped at a 
high temperature. At the end of this 10 minutes, the 
door should be opened and the slag examined. If of a 
satisfactory carbide character, a metal test may be taken 
for temperature and fracture appearance. If the slag 
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has lumped, which is often the case, it must be rabbled 
thoroughly to break up the cakes, and may even reTquire 
more spar. If too thin, more lime should be added. As 
slags on iron are under a lower temperature than on 
steel, this caking effect is more pronounced and it may re- 
quire considerable experimenting until all additions are 
in proper condition. If the slag cakes, the only method 
of breaking it is by rabbling, and by the addition of either 
spar or sand. Sand should not be used, unless it is shown 
that the amount of spar being added is detrimental to 
the hearth and walls, as any undue percentage of silica 
in the slag will be reduced under such powerful carbide 
conditions, often resulting in a wide variance of the sil- 
icon content of the finished metal. 

The Second Operafiori 

As soon as the slag is of the proper consistency, a 
test should be taken to determine the degree of reduction 
which is present in the furnace. This is made by taking 
a sample of the slag, pouring part on an iron plate, and 
cooling the remainder in water. If the slag is correctly 
proportioned, that poured on the plate will begin to 
crumble and fall apart as soon as the test becomes black. 
The surface of this slag either will be black or chocolate 
brown, the interior powder being dark gray. The slag 
will act as if worms were inside it, the best illustration 
being the way the ground appears when a gopher is com- 
ing to the surface. The test cooled in the water will be 
grayish slush giving off a heavy odor of acetylene. While 
this is the customary appearance, the author has ob- 
served cases where the slag was hard and tough, of a 
reddish brown api)earance yet contained nearly 10 per 
cent of calcium carbide. Such a slag is of rare occur- 
rence, yet is far more powerful in its reducing action 
than the ordinary carbide, powdering slags. 

Conditions are now right and the metal should be 
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held in this manner only long enough to insure the lower- 
ing of the sulphur to the required point. Superheating 
will be coincident with this desulphurization, and as this 
latter generally takes longer, unless on iron intended for 
large sized castings, is generally used as the furnace in- 
dication. Metal tests are taken in the ordinary manner 
and poured into a sand mold, the best size being a 1-inch 
square bar, 6 inches long, cast on end. From the appear- 
ance of the metal as it pours over the lip of the spoon, and 
from the appearance of the fracture of this test piece, 
the temperature and quality of the metal are judged. As 
soon as the metal has a soft appearing fracture, coupled 
with the bluish color when pouring, the metal is in proper 
condition to tap. On heats of iron which are extremely 
hot, the metal when poured will be accompanied by short 
blue flames shooting from the stream, exactly the same 
as on a hot steel heat. 

Alloy Additions 

The required additions of alloys should be made as 
soon as a fair temperature is attained so that any of the 
constituents entering the slag may be reduced into the 
metal, and diffused before the furnace is tapped. 

Such a heat will be accompanied into the ladle by 
this basic slag which is difficult to handle. It is so fluid 
that any attempt to skim while pouring is futile. Lime 
added will thicken the slag on the surface but a consid- 
erable quantity of the slag will remain under the sur- 
face. This slag will run into the mold if any attempt is 
made to pour it in this state. Incidentally, this additional 
amount of lime will prove to be rather expensive. There 
are three main solutions to this problem. These are the 
use of a bottom pour ladle; the use of a tea spout ladle; 
or pouring from the furnace ladle into another, keeping 
the greater portion of the slag in the former. During the 
pouring, the small amount of slag which remains with 
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the metal may be skimmed. The choice of these methods 
will depend upon the opinions of the supervisory forces 
in the various foundries, and needs no discussion at this 
time. 

Using Cold Stock 

Highest grade electric iron castings are made by 
melting cold stock on a basic hearth due mainly to the 
following reasons: 

The metal may be more carefully charged accord- 
ing to class of scrap and analysis of metal. 

The metal does not oxidize or burn during the melt- 
ing down operation, requiring any bringing back. 

The heat from the start is under a strong carbide 
slag allowing a greater period of refining. 

For the highest grades of casting it is natural that 
the best possible grades of scrap should be used, and 
pig iron occasionally is charged for special heats. As the 
amount of machining to be done on the casting decreases, 
the cost of the heat is lowered by the use of steel. Thus 
by manipulating the charges of irons, varying composi- 
tions may be made from the softest, open-grain iron to 
that close-grained, hard iron containing 100 per cent steel 
charge. 

The furnace operation is no different from that fol- 
lowed in the duplexing process, except that the slag mix- 
ture is added with the charge. A small amount of coke 
always is added to insure proper reducing conditions, and 
to take care of any slight amount of carbon which may 
be oxidized by the rust of the charge. Alloy additions, 
when necessary, are added near the end of the heat when 
the metal has been superheated sufficiently to insure 
proper diffusion. Heat logs on cold stock and iron borings 
are given in Table 26, and 27, Appendix. 

Synthetic Gray Irons , 

Synthetic cast iron, or iron made from a steel scrap 
base, found considerable use during the war. The use of 
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such iron was founded upon sound economic reasons, 
caused in the main by prohibitive prices for cast iron 
scrap. With steel borings at such low prices as $5 to $8 
a ton as against $40 to $45 for cast scrap, it was found 
that the cost of manufacturing synthetic iron in the 
electric furnace was considerably cheaper than the cost 
of producing cupola metal. 

With war conditions over, further experiments were 
made on this synthetic iron to overcome certain diffi- 
culties in its manufacture. Synthetic iron as made in the 
electric furnace has properties differing widely from the 
ordinary cupola metal. Some of these are more favor- 
able, while others are distinctly derogatory. Synthetic 
iron, and its properties may be briefly summarized. 

Due to the uncertainties of its manufacture, this 
iron cannot be controlled closely in its physical structure. 
Consequently, one heat is likely to be exceedingly soft, 
while that following offers considerable difficulty to ma- 
chining at high speeds. The result of this, is that synthetic 
iron finds small use for the better grades of machineable 
castings, where a uniform softness is desired. Its widest 
use is in those instances where a harder, yet machineable 
iron is required. 

Properties of Synthetic Iron 

While synthetic irons cannot be machined at high 
speeds, they may be drilled easily, and find extensive use 
in such instances as the general run of car castings, where 
little machining is done. 

Such irons contain unusually low percentages of 
phosphorus and sulphur. Consequently, they are much 
stronger and tougher than the high phosphorus cupola 
metal, which is a distinct advantage for certain classifica- 
tions. 

Synthetic irons are close grained, which is a distinct 
advantage especially on pressure castings. The silicons 
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may be controlled closely, making easy the manufacture 
of irons of varying hardness. 

In general such metal offers great advantages to any 
foundry and the natural result is that its use is rapidly 
increasing. In the manufacture of this metal but one 
point of difficulty is encountered. This is the care re- 
quired to obtain a suitable carbon content. When a heat 
of steel scrap is melted in conjunction with an excess of 
coke it would appear on the surface that the absorption 
of this carbon, in the presence of the large amount of 
superheated iron should be rapid. Yet when the actual 
heat is made, it is found that such is not the case. Op- 
erating under ordinary conditions, such a heat will melt 
down at about 2.50 to 2.75 per cent carbon, regardless of 
the amount of coke present in the furnace. If the heat 
is held at high temperatures for a considerable length of 
time, this carbon gradually will rise until close to a 
figure of approximately 4.00 per cent above which the car- 
bon cannot go, except at extremely high temperatures, 
held for long periods. 

Economic Methods of hicreasing Curhon 

As cast irons to be in any degree soft, and readily 
machineable, should have carbon contents from 3.25 to 
3.75 per cent, it may be seen that bringing the carbon 
content up these few extra points is the seat of difficulty. 
As the absorption of this extra carbon must also be an 
economic proposition further obstacles are encountered. 
With this idea in view of determining methods of quick- 
ly and cheaply raising the carbon content, many experi- 
ments have been made. 

The bureau of mines in Seattle, Wash., the author in 
Los Angeles, Calif., W. L. Morrison in Seattle, and many 
others both in this country and abroad have worked on 
this proposition, independently, but following the same 
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general trend, and with practically the same results. 
Briefly enumerated the results obtained are as follows: 

Regardless of the amount, or the class of the recar- 
burizer used it is seldom that the iron will, on the melt 
down, contain more than 2.75 per cent total carbon. 

A low ash recarburizer is more effective in further 
raising this carbon than one of a higher ash content. 

Recarburizers which are heavy, and sink low in the 
metal, such as graphite and petroleum coke, are more ef- 



Fig. 48 — Various Rcoarburizors Affect a Heat of Metal in Different 
Ways. The Curves Show the Effect of: A, Coal Tar Coke; 

B, Flake Graphite; C, 13 Per Cent Ash Coke; D, 
Charcoal; E, 25 Per Cent Ash Coke 

fective than those which float high on the bath such as 
charcoal or porous coke. 

Time and temperature are two main points determin- 
ing the amount of carbon absorption. 

Slag on the metal greatly lowers the amount of ab- 
sorption in a given length of time. 

Rabbling the metal is a great aid in the rapid pick up 
of carbon. 

An acid slag holds back the absorption more than 
does a basic carbide slag. 

Silicon has no effect on the carbon absorption; man- 
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ganese seems to aid this process; sulphur retards the pick 
up; phosphorus is negative in its action. 

Figs. 48, 49, 50, 51, 52 and 53 show graphically the 
result of the above findings. These are taken from report 
of the work done at the Seattle station, bureau of mines, 
by Clyde E. Williams, and C. E. Sims. 

While the majority of the experiments made on syn- 
thetic iron were made in open top furnaces with electric 
furnace pig iron in view, those of the author were made 



Fig. 49 — The Effect of Ash in the Rccarburizers is to Govern the 
Speed of Absorption, as is Shown by: A, Coal Tar Coke Less 
than 4 Per Cent Ash; B, Low Ash Coke, Ash Content 
12 Per Cent; C, Coke, 25 Per Cent Ash 

in standard arc furnaces, the metal being poured directly 
into iron castings. However, results are similar on the 
two processes, although the pit, or open-top furnace gives 
better carbon absorption. As the metal from such a 
furnace is not uniform its use in the foundry would not 
be practical unless accompanied by an auxiliary melting 
unit. 

Any grade of steel scrap is suitable for synthetic iron, 
the cheaper in price the better with the one excexition that 
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such low grades of metal as baled tin cans, or burned iron 
will not be cheap at any price. The author worked for 
some length of time with the former and was unable to 
obtain satisfactory results under any conditions. 

Starting the Heat 

In starting a heat, charge on the hearth of the fur- 
nace the carburizing material calculated to 3.50 per cent 
carbon, the efficiency, determined by the material used, 



Fig. 50 — Effect of Using Natural Silicon Carbide, Carborundum, 
After the Bath is Melted is Shown as Follows: A, Heat, Run 
With Coal Tar Coke, a Highly Efficient Recarburizer; 

B, Coke With 25 Per Cent Ash Used to Point 
Where Carborundum Sand Was Added 

ranging from 50 per cent for common coke to 75 per cent 
for graphite, based upon the carbon content. The ma- 
terial should be of small mesh i^referably under % inch 
in size. Under no conditions use any slag material. Now 
charge the metal and turn on the current, sealing the fur- 
nace as far as possible, as any air entering the furnace 
will result in a needless burning up of carbon. As soon 
as small pools of molten metal form under the electrodes. 
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throw a small amount of the recarburizer in these holes. 
This will tend to steady the arc, and at the same time 
will furnish a spot of carbon directly where needed. This 
will increase the speed of melting as, during the heating 
of the metal to its melting point, it will absorb carbon 
slightly and aid by a lowering of its fusing point. Be 
sure that the doors are kept sealed at all times. 

As soon as the bath is melted, open the doors and in- 
spect the furnace. Any material on the ' walls may be 



Fig. 51 — Slags Exert an Effect in Retarding Absorption: A, High 
Ash Coke With Carbide Slag; B, High Ash Coke in Presence 
of Acid Slag; (’, High Ash Coke on Bare Metal, 
Explained by Elimination of Coke Carbon Picked 
up by Entering Air From Doors 

pushed in and the surface of the metal may be inspected 
for any slag coming up from either the hearth or the scrap 
charged, usually consisting of the dirt and impurities held 
with the charged metal. If any slag shows, it should be 
raked off carefully and sufficient of the recarburizer added 
adequately to cover the molten metal. Next, take a spoon 
test and pour into a sand mold on end, a bar about 1 inch 
square and 6 inches long being a satisfactory size. Leave 
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this bar in the sand until it is black and then air cool or 
water quench. This test, on fracture usually will show 
blowy and will be clear white. The crystals will appear 
rather fine, but the structure will be irregular and more 
or less feathered, the exact outline of the crystalline struc- 
ture being indistinct. 

Further Additions Unnecessary 
If a chemist is at hand a sample may be sent for an 
analysis of the carbon, which in the vast majority of cases 



Fig. 52 — Various Elements Affect Carbon Absorption: A, Manganese 
Content of Metal, 1.75 Per Cent; R, Silicon, 2 Per Cent, 
Other Alloys Low: C, Practically Pure Iron with 
Silicon, 0.20 Per Cent, Manganese, 0.40 Per Cent, 

Sulphur and Phosphorus, 0.05 Per Cent; D, 

Phosphorus, 0.70 Per Cent; E, Sulphur, 

0.75 Per Cent 


will show from 2.50 to 2.75 per cent. If there is plenty 
of the carbon on the metal, it will not be necessary to 
make any further additions, if not, enough must be added 
to cover the iron. It is important at all times to keep the 
bath of molten metal covered thoroughly with an excess 
supply of the recarburizer until the percentage of carbon 
is at the desired point. 


Gray Iron 


281 


If the metal is hot enough to run cleanly from the 
test spoon the next step may be taken; if not, the bath 
must be heated further. When a superheated temperature 
is attained, the bath may be boiled to raise the carbon. 

Several shovels of graphite flakes or carborundum 
sand should be thrown in and green wood poles inserted 
through each door. These poles should be about two 
inches in diameter and as long as it is possible to obtain. 
They are inserted into the metal about a foot deep and 



Fiff. 53 — The Rate of Carbon Absorption is Increased at a Rapid 
Rate as tlie Pcrcentaere of Sulphur is Lowered, in This Case 
by Two Carbide Slaprs; A, PercentaK'e of Carbon m the 
Metal as Heat Advances; 13, Curve of Sulphur 
Content Showing p]ffect of Slags 

moved from side to side, the current being turned off. A 
violent boiling will ensue, the recarburizer will be mixed 
throughout the bath, and the carbon will rise rapidly. 
Boiling in this manner for 15 minutes with two poles 
easily will raise the carbon content from 0.40 to 0.50 per 
cent. After the first boiling period of about 10 minutes, 
the current again is turned on and another metal test 
taken. This process should be repeated until two tests 



282 Refin ing Metals Electrically 

are obtained approximately of the same fracture appear- 
ance. This denotes that the molten, metal is nearing 
equilibrium under the given conditions. 

Such a metal, if the temperature is high, should con- 
tain from 3.25 to 3.50 per cent carbon. The test will 
show a fiery fracture of large size crystals radiating from 
the center. The metal will have a close knit appearance, 
and will show freedom from blowholes or flaws. The gen- 
eral color will be a deep white tending toward a grayish 
color, the crystals appearing clear cut and distinct. The 
ordinary lime slag now may be added, together with the 
alloys, and the final period begins. 

May Judge by Fractures 

As soon as the silicon enters the metal the appear- 
ance of the iron changes. It assumes the sluggish flow 
of ordinary gray iron, but has a bluish color, and a 
sparkling flow much different from the ordinary grades 
of cast iron, due probably to the low percentage of phos- 
phorus and sulphur. The metal now may be judged by 
fracture and when the softness has reached a maximum 
the iron can be tapped. 

Neutral Hearth Melting 

Experiments have been conducted on melting iron on 
a neutral hearth, the idea being that either acid or basic 
operation could be affected in the one furnace. Irons of 
low sulphur could be melted under acid conditions, while 
those with a higher percentage of this element could be 
refined under the ordinary lime slag. The lining materials 
used in making the neutral hearths were mainly two, 
chrome ore and rammed carbon. 

The chrome ore offered such difficulty in obtaining a 
well sintered and lasting hearth that its use quickly was 
discarded. The carbon hearth gave better results, but 
they were not such as to promise any advantages over the 
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ordinary methods of melting. While it was found that 
the metal did pick up a little carbon from the hearth it 
was insignificant, the greatest trouble being the rapid 
wearing away of the banks and jambs. This was pro- 
nounced, especially above the metal line, where any en- 
tering air directly impinged and combined with the car- 
bon of the walls. A set of jambs would not wear any 
length of time and these operations quickly were discon- 
tinued. 

P'or the shop making nothing but gray iron, the car- 
bon hearth offers certain advantages, especially in the 
absolute freedom of any included gases coming from dis- 
solved oxide, and with the higher quality of refractories 
which at present can be obtained, this process might be so 
developed as to give favorable results. The amount of 
time which the author spent on this process was limited 
and his results cannot be accepted in any manner as final 
or absolutely authoritative. 

ControUivy ( lia ra c ( er i s fi as 

Synthetic gray irons are peculiar in their actions. 
Two heats of practically the same analysis, made from 
the same scrap, and melted under exactly the same con- 
ditions will have widely differing qualities. One will be 
as soft and free cutting as any iron could be, while the 
next may be so hard that it can be drilled only with dif- 
ficulty. Naturally, in the shop producing castings from 
this metal such conditions could not exist as there would 
be an endless amount of trouble from mixing the soft 
and hard irons. 

This is the situation which first confronted the author 
when experiments were being conducted on this metal. 
It was obvious that the differences occurring in irons of 
similar analyses only could be caused by differences in 
structure on cooling, and experiments were conducted 
along lines of different treatments to give a uniform soft- 
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ness to castings produced by this method. It was found 
that the hard irons quickly reacted to a simple heat 
treatment, the metal being soft on cooling. 

Heat Treatment 

The castings are charged into a cold or slightly warm 
furnace, heated by any of the ordinary methods, although 
the electric anneal is superior for regular results. Care 
must be exercised to support the pieces to prevent any 
tendency to warp and charging must be such that the en- 
tire charge is exposed directly to the heat. A small amount 
of some carbonaceous material is charged in the furnace 
to supply a heavy reducing atmosphere. If this is neg- 
lected the outer skin of the castings will be hard and of- 
fer considerable trouble when being machined. Heat the 
entire charge slowly to a distinct red color, the tempera- 
ture at which maximum softness is obtained being close 
to 1400 degrees Fahr. Permit the castings to soak at 
this temperature until the heat is uniform throughout 
the various sections, when the furnace may be shut down, 
and the charge cooled slowly. 

Strength of Metal Drops 

Castings annealed by this method show a soft iron, 
but that there is a considerable drop in the strength of 
the metal when so treated. Consequently, iron intended 
to meet a certain strength reejuirement cannot be handled 
this way. The usual test on a heat of synthetic iron is 
to cast a test bar 2 inches in diameter and about a foot 
long. When cold, after being allowed to stand in the 
mold until black, it is placed in a lathe and threads are cut 
in it. If it machines easily no further treatment is rc- 
(luired on that heat. 

While these experiments were being conducted, it 
also was found that this treating could be manipulated to 
obtain irons of different degrees of hardness from the 
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same heat. This was done by regulating the speed of 
cooling. A casting heated to 1400 degrees Fahr. and 
slowly cooled would be extremely soft, while one pulled 
from the annealing furnace and air cooled would be an 
unusually hard gray, often verging on the white. Also, 
it was found that castings could be made with one face 
hard, and the back soft and strong, by the proper use of 
chills, mud, lime, etc. This led to favorable results as 
almost any kind of an iron could be poured from the same 
heat, merely by changing the treatment. Chilled irons 
could be made without the use of a chill. This would con- 
stitute a great saving, especially where only one or two 
pieces had to be made in a hurry, with no time to cast 
a chill. With the many helps for the heat treating depart- 
ment which have been lately developed there is no doubt 
but that results of a surprising nature may be obtained 
by variations of the processes mentioned. 



XIV 

WHITE CAST IRON AND THE USE OF ALLOYS 

W HITE irons have as their main characteristic a 
high degree of hardness. This qualification fits 
them for their greatest use, which is for parts 
subject to great abrasion, as in grinding and pulverizing 
of ores and miscellaneous minerals. The ordinary grade 
of white iron, as made in the cupola, offers considerable 
difficulty to the foundryman if a high quality product is 
desired. 

This metal has a much higher freezing point than 
has ordinary gray iron, with- the result that a ladle of 
white iron must be handled quickly if it is to be poured 
free of heavy skulls. Consequently, the cupola is forced 
heavily to melt this iron at the highest possible tempera- 
ture, and quite often a large amount of the iron must be 
pigged, being too cold to pour. 

In view of the foregoing, it is natural that many 
castings are poured with iron practically at the freezing 
point. The evident result is castings full of defects, 
caused by the inability of both gaseous and solid inclu- 
sions to free themselves before the iron sets in the mold. 
For these reasons the average foundryman will tell you 
at much length of the difficulty of handling this metal, and 
will offer such facts as the high melting point of the iron, 
its tendency to crack in the mold, its troublesome fre- 
quency of blowholes, shrinkholes, draws, and seams, in 
proof of his contentions. 

While it is true that white iron from the cupola of- 
fers much difficulty, the exact opposite is true of that 
class of metal as melted in the electric furnace. The elec- 
tric furnace will superheat to any temperature and for 
this reason the iron may be made so hot that any class of 
castings can be poured with ease. Castings poured from 
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electric furnace white iron are practically free from those 
defects caused by cold metal, which in hard iron consti- 
tutes the greatest reason for lost castings. When to this 
great advantage the ability to refine and keep to regular 
analyses is added the electric furnace easily proves its 
superiority. Of late years, the use of alloys, in these irons 
intended as a resistant to abrasive action, steadily has 
increased. Here again the electric furnace offers the 
economical and important characteristic of being able 
to reclaim a large percentage of the high priced metals. 

The author for a considerable length of time was en- 
gaged upon the development of a special class of white 
iron, intended for use under the heaviest kind of service, 
where resistance to abrasion was desired, and where the 
metal resisted shock to a marked degree. From these 
experiences a considerable amount of important and in- 
teresting data was obtained upon the manner in which 
such irons reacted to melting, both in the cupola and in 
the electric furnace. From these olxservations, the writer 
has no hesitancy in stating that white iron, as made in 
the electric furnace under good metallurgical practice, 
offers superior qualities to anything on the market for ab- 
rasive purposes, except it be manganese steel, and in cer- 
tain instances when the cost factor is considered — is ahead 
of this alloy steel. 

For those who are not thoroughly familar with the 
operation of various grinding equipment the writer will 
give a short resume that the desired properties of such an 
iron may be brought to light. 

Class 1 — Operatians where ovly resistance 

to abrasion is desired. 

One of the outstanding examples of such work is the 
mixer blade, or paddle, used in forming the center of a 
concrete pipe. This class of pipe largely is used along the 
Pacific coast for irrigation work, being made in sizes from 
8 inches in diameter up to about 36 inches. A form is 
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made, the inside diameter of which is the same as the 
intended outside diameter of the pipe. A central shaft, 
which may be raised and lowered, has several paddles 
attached of such a size that their path or rotation is the 
circle forming the inside diameter of the pipe. A batch 
of concrete is mixed and poured in a rather thick and 
pasty condition into this outside form. The blade shaft 
then is rotated and lowered into the concrete, the force 
of the blades pushing the mixture to one side, and form- 
ing the shape of the pipe. As the concrete sets the shaft 
is raised until a complete length of pipe is formed, when 
the machine is stopped, the pipe removed, and the opera- 
tion again repeated. 

This concrete offers terrific abrasion against the 
paddles, and also the outer shell. As the shell wears 
away, larger blades may be used until the tolerance is 
too great, when another shell must be placed in operation. 
This also is true of the blades which wear away extremely 
fast. 

Similar examples are met with in certain pulverizing 
operations where the iron is used in the form of rollers, 
shells, etc., the material being pulverized ranging from 
common bricks to ordinary lime for building purposes. 

Class 2 — Where a c(rtam resistance to shock 
mast be had in addition to the abrasive resistant 
properties. 

The most common example of this is in the ordinary 
ball mill, used principally for grinding ores, miscellaneous 
minerals, and cements. White iron castings find use in 
these ball mills under two main headings, as the balls, 
and as liners. A ball mill is a large cylindrical machine 
arranged to rotate on its axis in a horizontal direction. 
The outer shell of the machine usually is constructed of 
heavy steel plate, so arranged that the cast liners fit 
against it to form an inner lining of from 2 to 4 inches 
thick, depending on the make and size of the mill. A large 
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number of cast iron balls and a certain amount of ore 
are charged into this mill. The mill then is started re- 
volving, the movement of the balls grinding, and then 
pulverizing the ore. The mill is arranged with screens 
of the desired mesh so that as the ore is pulverized it 
passes out these screens, its place being taken by fresh 
ore. 

A ball mill is operated to i^roduce fine material on 
a tonnage basis and anything which means a shutdown 
rigorously is avoided. Shutdowns are caused by two 
main reasons, the failure of a liner, or by the balls break- 
ing up so fast that they clog the mill’s output, when the 
machine must be stopped until these ball fragments can 
be removed. When it is considered that some of these 
mills have a lining weighing 35,000 pounds, with a ball 
charge of 68,000 pounds, it is easy to see that the move- 
ment of such a body of metal, with the added ore charge, 
offers a severe wearing action. Often a load will clog 
slightly allowing the charge to ride up on one side before 
slipping, when the entire contents of the mill is thrown 
heavily against the bottom. Under such conditions of 
service, a high quality iron is needed. 

The common cupola grades of white iron at the i)e- 
riod of the author’s research, had proven so poor tlial 
the leading operators of ball mills had lost faith in such 
castings. Manganese steel was widely used for the liners, 
while forged balls of chrome steel were finding a ready 
market. There were several points dei’ogatory to these 
metals. The manganese steel under the heavy peening 
action of the balls, tended to flow together at the joints 
with such force that a perfect weld often was made. 
When it became necessary to repair one part of the mill, 
considerable time was expended to tear these welded 
plate loose from one another, the cutting torch often 
having to be called in. With the steel balls, it was found 
that the wear was excessive, and due to the heavy freight 
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rate, they came from New Jersey and were used in the 
Pacific states, their cost was too high for economical 
operation. However, these metals were reliable in that 
there was no possibility of a break-down on the first few 
hours run, as was often the case with white iron. 

Class 3 — Where the product offer's heavy 

abrasion and at the same time must not be con- 
taminated with pieces of broken material. 

This feature is desired in one of the industries 
using probably the greatest tonnage of white iron parts 
cast, that of cement making. The cement rock is pul- 
verized in the ball mill pulverizers before, and after being 
burned. With a heavy breakage of balls, this raw cement 
is contaminated badly with particles of iron, the result 
being that the latter, when the cement is laid the iron 
comes to light as heavy rust streaks, often resulting 
in the rejection of completed work, due to the bad appear- 
ance of these rust patches. This was true especially of 
work exposed as in large buildings and sidewalks, where 
the reddish streaks made the work unsightly. 

Consequently, for cement mill work, a metal was 
desired with a high degree of resistance to abrasion, 
and one which at the same time would not break or flake 
off in service. 

From the foregoing, it can be seen that the uses 
and required characteristics of a first class white iron are 
about as follows: 

The iron must be hard to resist abrasion. 

It must be strong and tough enough to withstand a 
certain amount of shock. 

It must have the ability to wear down without flaking 
or s])alling. 

Consequently, Ihe manufacture of an iron with the 
required qualifications involves the best both of metal- 
lurgical and foundry practice if results are to be the best. 

Before the electric furnace was used in melting white 
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iron, the cupola had been used on this metal for some 
time. An examination quickly disclosed that the arrange- 
ment of this cupola was such that its further use would 
only result in more trouble. The percentage of castings 
which were being brought back was enormous, and losses 
in the shop were out of all reason. To check the more 
common troubles, the returned and lost castings were 
segregated according to their various defects. It was 
found that practically all of the defective castings could 
be placed among the following classifications: 

Blowholes, large size. 

Small pin holes, under the surface skin of the casting. 

Large interior shrink cavities. 

Slag inclusions. 

Sand spots. 

Misruns, wrinkles, and scams. 

Microscopic cracks, pits and tears. 

Brittle iron and cracked castings. 

Swelled or warped castings. 

It was plain to see that the majority of these troubles 
were due to the pouring of the metal in a cold condition, 
and the electric furnace was brought into play. The first 
operations were conducted on the acid hearth. 

Acid Practice on White Irons 

Low silicon irons being extremely scarce, steel scrap, 
together with a certain amount of returned white iron, 
were used for the charge on white iron made in an acid 
lined furnace. Steel borings being rather cheap, in pro- 
portion to other classes of scrap, were used in large 
proportions. The practice was to charge enough scrap 
to cover the hearth thoroughly, then to charge the re- 
carburizer, figured at 3.50 per cent carbon, the effective- 
ness of the carbonaceous material being taken into 
account. As soon as the bath was melted, a test was 
taken to determine the carbon content of the metal. If 
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this was slow, the metal was boiled vigorously by using 
green wood poles. 

Lower carbons were desired than is common in gray 
iron, a figure between 3.00 and 3.25 per cent carbon 
being considered ample for this class of work. Such a 
percentage was boiling under a heavy blanket of the 
recarburizer. Several varieties of carbonaceous material 
were used for this purpose, such as common coke of 
different sizes, low ash anthracite coal, and retort coke. 
All of them proved to give satisfactory results, the cheap- 
est probably being the pitch or retort coke, which when 
ground to a wheat size raised the carbon quicker than 
any of the others. 

Slag Composition a ad Addition 

When the carbon content of the metal was correct, 
enough of a slag mixture was added to form a blanket 
for the bath, sufficient being added to prevent any sur- 
face oxidation and to prevent useless radiation of heat. 
This slag was tried of various percentages of sand, 
lime, and fluorspar, the mixture giving su})crior results 
consisting of about 20 per cent lime, and 10 per cent 
fluorspar. 

As soon as the metal was approximately correct in 
chemical composition and the temperature was fairly 
high, the required alloys were added and the heat tapped 
as soon as these additions had time to mix thoroughly. 
After a considerable number of heats had been made 
in this manner, the operations were checked with the 
following conclusions : 

Excellent temperatures of the metal were obtained, 
absolutely eliminating defectives from cold metal causes. 
The percentage of work lost by misruns. laps, seams, 
wrinkles, and coldshuts was cut down to a negligible 
figure. Blowholes, skin holes, and shrink cavities dis- 
appeared immediately. 
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Carbons were raised easily to the desired point, 
if proper precautions were observed, but considerable 
manipulation was required, caused by the carbon having 
a slight tendency to drop toward the end of the hea’t, 
especially when a high pouring temperature w^as used. 

Phosphorus and sulphur content were extremely 
low, and the strength and toughness of the metal was 
much above that of the corresponding metal as cast 
from the cupola. 

Silicon gave considerable trouble to secure proper 
regulation, especially on hot heats, where the slag thick- 
ened, reducing silica and often resulting in a silicon too 
high, giving a mottled heat, which pi’oved too soft fo]- 
the intended use. 

Duo to the large amount of coke in intimate contact 
at high temperatures with the silica hearth, a rather 
heavy erosion of the bottom and side walls was evident, 
requiring considerable patching and repairing in general. 

The castings were subject to cracking, especially in 
Ihe sand and considerable work was required on every 
heat to loosen heads, lighten cores, etc. 

Due to the lower temperatures of the iron compared 
with those required for steel some difficulty was encount- 
ered in manipulating the slags ])ro])erly to obtain correct 
finishing conditions. By taking plenty of time and by 
the use of larger amounts of lime, and fluorspar, these 
obstacles were overcome. 

Results of Acid Process 

The results on acid operation were good, when con- 
sidered in the light of the iron from the cupola. How- 
ever, two main objections to this process were noted. 
These were the poor control of silicon and the tendency 
of the castings to prove tender in the sand. While these 
difficulties were common with the cupola metal, it was 
considered that iron made under the conditions of the 
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electric furnace should not show the brittleness it did. 
It was thought that the silicon control could be improved. 
A better class of steel scrap was tried, but the results 
were similar in every respect. Other changes in the 
melting practice, especially the temperatures of pouring, 
etc., were tried, but all methods gave results of about the 
same character. The hardest problem in this practice was 
the control of the analyses when melting returned shop 
scrap, this charge having a great tendency to reduce 
silicon as it melted, often giving rise to such a silicon 
content in the metal that hard gray iron was found on 
the melting down test. 

As these classes of casting were being made as a 
high quality specialty the difference of a few dollars a 
ton in the conversion cost was immaterial, and basic 
operations was decided upon. The acid lining w^as torn 
down, and a basic hearth of magnesite burned into 
place as if for steel melting. After a few heats it was 
seen that the change had been a wise one as metal of 
exceptional qualities and with unusual qualifications was 
obtained. 

The Basic Process 

The first result of using the basic furnace for 
making white iron castings was the reduction of defective 
castings to almost nothing, with the practical elimination 
of customers’ complaints. As operations advanced the 
main features of basic melting were found to be: 

Elimination of all former trouble due to analysis 
and control of the iron itself. The carbon and mangan- 
ese could be held to narrow limits, while no trouble was 
experienced in keeping the silicons down on either heats 
from steel, or those in which a large proportion of the 
charge was returned shop metal. 

Accurate regulation in temperatures was attained. 
It was possible to hold the metal indefinitely with no 
great changes, while the chemical composition was brought 
to the desired point. This feature was of great impor- 



Whit e Cast Iron and Use of Alloys 296 

tance as often a heat would have to be held waiting on 
the molders for a rush, or breakdown job, where in the 
acid furnace silicon trouble always developed. 

Extremely low sulphurs and complete deoxidation 
were obtained. The first result noticeable, and traced to 
this feature was the elimination of cracking or the display 
of tenderness in the molds. The second was a metal 
more free from inclusions or segregated spots, where 
patches of unequal hardness previously had been ob- 
tained. 

No trouble was experienced in any manner with the 
wall or hearth refractories. 

Slag control was more satisfactory, practically every 
heat pouring from a heavy carbide slag, due to the large 
amount of reducing material present in the bath. 

The difference in time, power consumption, and cost 
were nearly equal for the two processes, and when the 
saving in lost castings was considered, was in favor of 
basic operation, as will be noted from the following: 



Time per ton 

Kw. Hr. 

Conversion 


Hours 

per ton 

per ton 

Basic 

1.46 

705 

$12.30 

Acid 

1.29 

730 

$13.60 


Due to having more difficulty in clearing the basic 
slag from the ladles, during pouring on the floor, it took 
approximately 32.4 minutes to pour a ton of basic metal 
into the molds, as against 26.5 minutes for the acid iron. 
Later, use of tea spout ladles cut down this disadvantage 
greatly and bottom pour ladles would have resulted in 
equal figures. 

While the figures on operations are those actually 
obtained, they would be of no use to any other shop as a 
criterion of white iron operations, as the furnace used in 
these tests was an old fashioned make, not well adapted 
to the operations. The shop itself was poorly laid out, 
resulting in a great loss of time. Later figures of 
approximately 525 kilowatt hours per ton of iron have 
been obtained with more modern equipment. This is 
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probably nearer the true figure required to melt this 
product. 

Steps in the Process 

Before charging the scrap on a basic heat, the hearth 
is covered carefully with the slag mixture calculated to 
2 per cent of the charge by weight. This mixture is made 
by grinding lime, fluorspar and anthracite coal in a 
muller, in the proportion of 75 per cent lime, 15 per cent 
spar, and 10 per cent coal. The recarburizer then is added 
being calculated to 3.00 per cent carbon, attention being 
given to the recovery of carbon from the different 
materials. This ranges from about 80 per cent for 
graphite flakes down to 50 per cent for the average grade 
of foundry coke. The selection of the recarburizer fol- 
lows these precepts as described in the preceding chapter 
on synthetic irons. 

The charge now is added, any good grade of steel 
scrap offering an excellent material, if fairly clean. 
Bundled tin-can scrap has been tried on account of its 
cheapness, but does not offer a metal of first grade 
qualities. As a metal of the lowest possible phosphorus, 
consistent with economic considerations, is desired, 
wrought iron does not prove as suitable as does steel 
of lower phosphorus percentages. The doors now are 
sealed tightly, being luted with clay, if this proves to be 
necessary, and the current is turned on. During melting 
the furnace may be kept heavily reducing by the addition, 
at slight intervals, of a small amount of coke if required. 
The condition within the furnace can be followed closely 
by the appearance of the flame, a sharp flame denoting 
oxidizing conditions, while the soft, brightly luminous 
flame denotes proper reduction. 

As soon as melted, the bath is treated in exactly 
the same manner as if synthetic iron was being made, 
the carbon being raised by boiling with green wood poles. 
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or by rabbling. However, when the percentage of carbon 
is correct, slightly different procedure is followed. Instead 
of adding the ferrosilicon at once, the slag is brought to 
a finishing condition by additions either of lime, if thin, 
or spar if thick. As soon as the metal is under a 
heavy carbide slag, and one which thoroughly covers the 
bath, the doors again are sealed and the heat allowed 
to run for a sufficient length of time to bring the metal 
to a fairly high temperature. The silicon now may be 
added and the doors again closed. In about five minutes 
a metal test can be taken in a sand mold, and as soon 
as thoroughly set it may be water quenched and broken 
for fracture appearance. At the same time this quench 
test is poured, another in a sand mold should be cast and 
allowed to cool to a black, before being broken. This latter 
is for the hardness, and a heat never should be poured 
until the required hardness of the metal is attained. 


The Appearance of the Fracture 

The proper appearance of such a fractured, slow 
cooled test piece should be a dead white, tending toward 
gray. The crystalline structure should be well defined, 
the crystals radiating from the center of the test piece. 
If the crystals are small, the carbon is not high enough 
and the bath must be boiled further under a blanket of 
carbonaceous material. If the least trace of a mottled 
appearance shows, the silicon is too high, and the steel 
scrap must be added until the fracture shows the hard, 
white color. If care is exercised in adding the ferro- 
silicon this mottled iron should be found rarely. 

The castings poured from this iron was hard, but 
seemed to lack something in strength and resistance to 
shock. In certain practical tests made, the iron was not 
as good as it should have been. With the idea in mind 
of improving the physical qualities of the metal the use 
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of alloys such as nickel and chromium was made, and the 
effect noted. 

Alloyed White Irons 

The first alloy used in making alloyed white iron 
was nickel, heats being made with percentages ranging 
from 0.50 to 3.00 per cent nickel. It was found that 
nickel alloyed with the iron in all proportions, and offered 
nothing new in the melting methods. Certain peculiarities 
cropped out in the finished castings. It was found that 
the nickel seemed to retard the action of silicon in throw- 
ing carbon out of solution, and all the heats of an equal 
silicon content gave a much higher combined carbon 
content when nickel was used in the mix. At the same 
time, the iron appeared to be softer, and cases were 
found where the fractures of castings were a true white, 
yet the iron could be machined. As we desired a hard 
iron, nickel alone was discontinued and a combination of 
nickel with chrome was used. The same results still 
held and certain experiments were made to determine to 
what extent this retarding of the silicon would hold. It 
was found that irons with a silicon content as high as 
1.75 per cent, and in several instances as high as 2.00 
per cent would show a white fracture, yet would be 
machineable. One heat in particular, with an analysis 
of carbon, 3.22 per cent; nickel, 0.64 per cent; chromium, 
0.44 per cent; and silicon, 2.32 per cent, gave a white 
fracture, and it was tried in a drill press. It drilled 
quite easily and the drillings seemed similar to those from 
a hard piece of steel in that there was a great tendency 
for the chips to curl from around the tool. 

From the results it was found that nickel had a 
tendency to soften the iron regardless of the percentage 
present, 0.50 per cent seeming to give as soft an iron as 
when 3.00 per cent was used. This point seemed to fol- 
low regardless of the silicon content, until at percentages 
of the latter below 0.80 per cent the iron again turned 
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hard. Therefore, nickel gave no added characteristics 
which would make its use overcome the added cost of man- 
ufacture and its use was entirely abandoned. 

Mayari pig iron, containing nickel and chromium, in 
a natural alloy was tried. The results were slightly dilfer- 
ent from those obtained with the pig nickel in that the 
softness obtained was not nearly so great, although there 
was an apparent softness to the metal after casting. 

The next alloy used was manganese. This was used 
in many varying proportions. In high percentages such 
as 2.00 to 3.00 per cent, it had a tendency to close the 
grain of the iron, but seemed to possess no favorable 
points. 

Use of Chromium 

Chromium, up to this time, had not been used alone, 
and several heats were made using this alloy. Soon, it 
was noticed that the iron possessed new features. The 
fractures changed from a dead white to a lusterless color 
between a white and a faint gray, yet the iron could not 
be touched with a tool. The gates on the castings were 
not so easy to break as they had been with the other mix- 
tures, and it was apparent that this alloy, when used 
alone, offered certain points which might be of impor- 
tance, so that the trend of experimentation changed from 
the use of various alloys to that of determining the per- 
centage of chromium which would best suit our needs. 

The chemical and physical testing facilities of the 
plant being rather poor, it was difficult to determine what 
procedure to follow in determining the resistance to shock. 
Finally, it was decided to cast balls of 3-inch diameter 
from every heat, and determine the comparative number 
of blows necessary to fracture them. The method used 
was to hold the ball firmly on an anvil, and strike it with 
a 16-pound sledge until rupture occurred,' the number of 
blows necessary to break the ball being taken as an in- 
dication of its toughness and resistance to shock. Only 
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one man was allowed to do the striking, and every test 
was made under parallel conditions as far as possible. 
While this test did not give any exact data, it did show 
which analysis of metal would stand the greatest shock 
before failing. This test was as close as possible to the 
exact conditions in a ball mill and as later results showed 
was a good indication of the amount of abuse the metal 
would stand in actual service. For testing the hardness 
of the various metals, a brinell meter was used, the test 


Table XLIII 

Tests of KiiECTRic Furnace Iron 

— — Per Cent — 


Plows 
to crush 

Total carbon 

Matifraneac 

Silicon 

Chromium 

Pi inell 
number 

Mark 

3 

3 70 

0 57 

4 39 

4 4H 

422 

A 

9 

3 04 

0 51 

0 05 

0 46 

438 

B 

9 

3.54 

1 25 

1 41 

1 43 

417 

C 

11 

2 45 

0.32 

0 47 

0 23 

480 

D 

17 

3.00 

1.05 

1.41 

1.08 

408 

E 

20 

2.70 

1.18 

1.78 

0.83 

898 

F 

23 

2 Sh 

0 72 

1 39 

0 78 

402 

G 

3r. 

2 34 

0 7(1 

1 2() 

0 04 

409 

H 

4(> 

2 30 

0 70 

1 HM 

0 53 

398 

1 

53 

3 -iS 

0 HO 

0 HO 

0 75 

411 

J 


being taken from one face of a 3-inch ball which had been 
ground perfectly smooth. We had no available method 
of testing for wearing resistance so attempted to obtain 
a metal as hard as possible, and one which would stand 
the greatest amount of shock without breaking. 

The results of these tests are given in Table XLIII. 
A description of the treatment of the specimens follows: 

Results of Tests 

The heat, from which specimen A was taken, was 
made in the cupola and duplexed, the alloys being added 
in the electric furnace, and the heat brought up to tapping 
temperature under a heavy carbide slag, being held 
in this finishing condition approximately 15 minutes. 
Several heats were treated in this manner, but always 
with the low result, showing brittle iron, which seemed 
to prove the point that if it was poor as it came from 
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the cupola, it required a great deal more than this small 
amount of alloying, refining, and superheating to bring 
into a first class metal. The cupola charges consisted 
almost entirely of steel, only enough cast scrap being 
added to give fluidity, the iron often being almost pasty 
when added to the electric furnace. 

Heats B and C were taken from the cupola and held 
in the electric furnace under a carbide slag for one hour 
each. While the results were better they showed conclu- 
sively that there was yet something which remained in 
the iron, due to the cupola melting, which mitigated 
against its toughness. The theory was advanced that 
oxide had actually dissolved in the iron during its travel 
through the cupola, and was in such a state of solution 
that the reducing action of the basic slag and superheat- 
ing were not sufficient to free it from its combination, 
unless by such a long and tedious process as would prove 
too costly for its treatment. The theories on this oxide 
inclusions were strengthened greatly as every heat poured 
under the conditions mentioned cracked badly in the 
molds, often showing a line of gas holes along the break, 
giving rise to the thought that the pressure of solidifi- 
cation was so great that the gas was expelled and in so 
doing its force caused the still tender casting to rupture 
along the path of release. 

To determine if this oxide or unknown constituent 
could be eliminated we made a duplexed heat in which 
the metal was held in a superheated condition under a 
perfect carbide slag, with the doors tightly sealed, for 
two hours. The results, specimen />, are practically iden- 
tical with those held for only a short time, and proved 
that this long refining was but a loss of time and money. 

Different classes of steel scrap melted down with no 
apparent attempt to greatly raise the cal-bon other than 
that initially charged gave specimens F, G and H. The 
lime slag was added after the melt down, the metal being 
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held under this carbide condition until superheated to 
the desired temperature. These heats were used to note 
if a change in the class of scrap caused any difference, 
the charges consisting of borings for one heat, first quality 
boiler plate and punchings for another, and clippings 
mixed with borings for the third. The results showed 
that the class of scrap made little difference if clean, and 
of a medium high grade nature. 

Two type heats were made of the same charges, I and 
,7, the best clean punchings obtainable being used, the 
heats melted from the start under a carbide slag, the test 
being to determine whether a low silicon with high carbon, 
or a low carbon with a high silicon gave the best results. 
This scries of tests, when analyzed carefully showed 
several interesting points. Duplexing was not satis- 
factory, not only because of the cost of this method, but 
the desired quality could not be obtained. The worst 
fault was the defectives caused by oxides, consisting of 
such items as draws, blow-holes, cracked work, and iron of 
a brittle nature. The fractures of a failed casting from 
one of these heats showed a weak appearing structure, 
containing rather small sized crystals, with poor cohesion. 
This seemed to follow regardless of the final analysis of 
the metal. 

Low Carbon Iron Requires More Silicon 

Further, it was found when the total carbon in the 
iron was low it required a much larger amount of silicon 
to give equal results to an iron with a higher carbon 
content. These low carbon irons also exhibited a pecu- 
liarity in that irons with as high a silicon content as 1.50 
per cent still would show a clear white fracture, with 
a comparable hardness to those standard white iron with 
an average carbon and low silicon. 

Regardless of the exact chemical composition of the 
iron the most exacting care was necessary if proper 
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qualities were to be obtained from the casting made of 
duplexed metal. This covered particularly the melting 
and refining and clearly showed that the best grade of 
scrap steel must be used; that melting down conditions 
must be carefully checked and the formation of any 
oxides prohibited; and that the refining period required 
the same care as if a heat of special steel were being made. 

These trials further show'ed that there were two 
general types of analysis, each of which gave comparable 
tests, and could be taken as representing the best metal, 
when viewed from the standpoint of toughness, and hard- 
ness number. These were as shown in Table XLIV. 

These two types were segregated after analyzing the 
results from a large number of heats. After these were 

Table XLIV 

SudGEST Mixtures for White Iron 

- - IVr Cl' nr - - — 

C.irl)<)n M.ing.inLSc Silicon Chromium 

Type X .1 00 to 3 50 0 70 to 0 0.) 0.70 to 0 <>') 0 h!) to 0 80 

Type Y I'nilci 100 0 50 to 0 70 Over I 00 0.40 to 0 60 

selected, many more heats of these two classes were made 
to determine if the choice had been warranted, and to 
determine, if possible which of the two was the better. 

It was found that each class could be made easily 
and regularly and that the results were uniform, and 
amply proved the correctness of the first selection. Each 
type showed a clear white fracture on breaking, when 
cast into a 3-inch ball the latter type giving a white 
fracture with a silicon of nearly 1.50 per cent when the 
carbons were low. All fractures had a soft, dead appear- 
ance, and were close grained and tightly knit, the crystal- 
line structure radiating clearly from the center of the 
ball. This radiating fracture finally was accepted as 
the best test of the iron’s toughness, a casting with such 
a fracture always would stand a high test, while one 
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without this class of break usually would be more brittle. 

However, the crucial test was the manner in which 
the two types would stand up in actual service, and for 
this test castings of the two different analyses were made 
and placed in operation, being run against each other 
as far as possible. Tests were made to cover all the 
desired points as toughness, hardness, and wearing ability. 
It was found that the shop tests had been a good measure 
of the toughness, and hardness, but that when the cast- 
ings were subjected to the rigors of abrasive duty, type X 
was far superior. While there was no appreciable dif- 
ference in the two irons as far as color went, it seemed 
that the silicon in higher amounts so changed the struc- 
ture that a softening ensued, although analyses for com- 
bined carbon on the two types showed a close agreement. 

With the analysis selected it was considered that it 
would be easy to obtain regular results with this iron. Op- 
erating the furnace with a charge of steel scrap, and un- 
der the standard series of operations as if making a 
synthetic iron, excellent results were obtained. The metal 
was always of a good, clean character, and high tests pre- 
dominated. However, as soon as remelted shop scrap was 
used in the charge, trouble ensued. Here was a proposi- 
tion different from that of building up the metal from raw 
steel. 

Silicon Exerts Strong Influence 

In the first place, the alloys already are contained in 
the metal in the proper proportions, and in the second 
place it proved difficult to estimate the losses of the vari- 
ous constituents during the melting down period, this fac- 
tor depending upon the size of the individual pieces, their 
condition of oxidation, the rate of melting, the amount and 
condition of the slags, etc. Slight variations in the carbon, 
chromium and manganese were found to have little effect, 
but changes in the silicon content caused trouble. If too 
low, the metal was weak, and if too high the iron would be 
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soft. As it was extremely difficult to operate for silicon 
under close chemical control, due to the length of time 
necessary for the chemist to make an analysis for this 
element, we were forced to estimate on the percentages 
of this alloy present. To assist as much as possible, the 
heads and gates from each heat were separated and held 
until an analysis had been made. Each pile being thus 
closely known it became a matter to control the analysis 
closely. After checking a few heats, the losses of the dif- 
ferent elements were determined. It was found that the 
average losses were as follows: Manganese, 0.10 per cent; 
silicon, 0.20 per cent; chromium, 0.20 per cent and car- 
bon, 0.05 per cent. 

Many trials showed that these losses were close, and 
were exact enough so that if estimated on this basis, the 
heat would prove within specifications. These figures 
were for heats containing 100 per cent of shop scrap, of a 
medium size, and in a clean condition. 

The analysis being controlled, it still was found that 
results from shop scrap were not good. Many heats were 
poured of practically exact compositions yet one would be 
excellent, while another would be extremely brittle. Close 
checking showed that on the heats which were good the 
fractures of the gates had the radiating structure while 
brittle heats showed the soft, feathery, structure without 
distinct crystalline outline. 

With this idea in mind, several heats were poured 
and the test fractures closely noted before tapping. It 
always proved true that on the heats where the furnace 
test bar showed a radial structure, the castings were of 
extremely high character, while on those fractures show- 
ing a feathery grain the exact opposite held. The prob- 
lem then presented was always to obtain this structure 
before tapping and the trend of experimentation turned 
to the solution of this trouble. Appendix table 28 gives 
the log of a heat of alloyed white iron. 
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That the presence of chromium in remelted heats 
often resulted in poor results was known, since this point 
was shown by the writings of an Austrian author cover- 
ing the manufacture of gun steel from remelted stock. 
He noted that chromium often, from no apparent reason, 
resulted in steels of a crystalline character, when one of 
fibrous structure was desired. This often was attributed 
to the presence of oxides, but his experiments demon- 
strated that it was not oxides, but the chromium that ex- 
erted some peculiar influence. The exact cause or the 
exact solution of this peculiarity never was discovered. 

Melting Chromium Alloy Scrap Difficult 

The author’s results were similar, even though on 
iron. Heats made from remelted white iron which con- 
tained no chromium gave good results when the chromium 
was added as an alloy, but as soon as this chrome iron 
was remelted trouble ensued. This appeared periodically 
and as it was absolutely necessary to use this metal, a 
serious matter was presented. Many trials were made to 
obtain the solution of this trouble. Heats were melted 
with slags, and without slags. Carbon was added with the 
charge after the melt down. The heats were melted as 
fast as possible, and slowly melted. Heats were melted 
under perfect reducing conditions, and others were melted 
and heavily boiled with green poles. In fact every known 
metallurgical trick was tried, but with no success. The 
fact remained that if a heat gave the soft fracture, it 
could not be poured into heavy duty work. 

This problem never was solved, the heats being so 
arranged that if a radial fracture was obtained, the 
iron was poured into high test work, otherwise a grade of 
standard white iron castings was poured. As these heats 
occurred only about one in ten, the shop scrap was segre- 
gated carefully until sufficient was on hand for a heat, 
when it would be melted and poured into castings which 
did not require the resistance to shock property to a high 
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degree. As this iron still retained all of its qualities ex- 
cept toughness there were a great many types of casting 
for which it proved excellent. All such work as ball mill 
liners, balls, etc., was poured from an iron made directly 
from the steel, so that no difficulty was encountered in 
maintaining the high shop standard. 

Pouring Practice 

When the heat is poured into the ladle, a skim gate 
always should be used, and the ladle held at least 5 min- 
utes before a mold is poured, that any included slag, coke 
or other non-metallic impurities may clear themselves 
from the metal by rising to the surface. The author has 
found that about 5 pounds of finely crushed fluorspar 
added to the bottom of the ladle before the furnace is 
tapped aids this operation by combining with any slag 
and so lowering its melting point that its fluidity is in- 
creased and it clears itself from the iron quickly^ 

Final deoxidizers such as titanium, magnesium, cal- 
cium compounds, etc., have been tried, but do not seem 
to add anything worth while. The use of vanadium, uran- 
ium, and zirconium has been suggested, but never have 
been tried. 

Ladle troubles with this heavy basic slag will be the 
same as for gray iron, requiring the use of bottom pour, 
tea-spout or other system of ladles where the slag may 
be separated from the metal. 

The size of the pouring gates and heads may be much 
smaller than is customary for cupola iron, due to the extra 
fluidity caused by higher pouring temperatures. A higher 
grade of refractory sand for molds and cores is neces- 
sary for the same reason. The high shrinkage of this 
iron necessitates great care in the molding to prevent un- 
due cracking. Immediately on pouring, qhick work must 
be done to relieve any strain in a casting by digging 
around the heads, loosening the copes, etc. The use of 
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wood filler blocks, rope wrapped cores, coke and sawdust 
inserts, etc., finds wide favor in keeping the percentage 
of losses down. For small work the buzzer or automatic 
skim gate finds wide application. 

Castings should be allowed to cool in the sand as far 
as possible, and under no condition should a casting be 
taken from the mold and quickly cooled, either in a draft 
of air or in water. If such a treatment does not directly 
crack the casting it is sure to set up internal strains of 
such magnitude that the piece later will fail in service, 
possibly with disastrous results. In the design of pat- 
terns, sharp corners should be avoided as far as possible, 
as these angles are starting points for cracking. Often on 
certain classes of work where square holes are essential, 
as in certain ball mill liners where a square headed bolt 
hole is used for rigidity, a further treatment is given to 
relieve the strain. 

Heat Treatment of Alloy Castings 

The treatment is similar to that followed in an- 
nealing steel castings, but is not intended in any manner 
to change the grain structure, and has no effect on the 
hardness of the metal. The castings are heated to ap- 
proximately 500 degrees Fahr., and allowed to soak until 
the heat is uniform through the piece, when slow cooling 
is followed. Such treatment aids the strength of the work 
and castings so treated have shown extraordinary fea- 
tures of toughness, and resistance to shock, especially 
when the generally brittle character of this metal is con- 
sidered. 

Alloying Gr^y Irons 

Alloys are used in producing quality gray iron mixes 
for the electric furnace. The greatest impetus to the use 
of alloys in gray irons was imparted by the discovery and 
commercial manufacture and sale of a natural alloy pig 
iron, placed on the market by the Bethlehem Steel Corp. 
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coming from the province in Cuba where this natural 
alloyed ore is mined. This ore and the resultant pig con- 
tain chromium and nickel, always occurring in a certain 
ratio. Its use when developed and tried gave certain in- 
teresting features to the casting so made. It was found 
that iron castings made with this pig were soft, and read- 
ily machinable, yet at the same time were of a close grain 
with high strength. The iron found extensive use in 
hydraulic castings where a high strength iron with 
a close, tight structure was desired to resist the flow of 
liquids at high pressures through the walls. The results 
have been so good that its use has extended to a large 
number of such castings, one great class being automo- 
bile cylinder blocks. 

Properties Given by Adding Nickel 

The high character of the results obtained with this 
metal led others to make extensive experiments with vari- 
ous alloys to determine if there were any exceptional 
properties to be obtained from their use. Of these alloy- 
ing metals, nickel probably has been tried more than any 
other metal. Its action in steel being well known it was 
expected that similar properties might be found when used 
in iron. While the results were dilTcrent, it was found 
that the use of nickel was helpful, especially in certain 
classes of work. When used in gray iron, nickel offers 
certain unique properties: 

Nickel has the faculty of softening the metal even in 
the presence of high percentages of combined carbon, re- 
sults having been given where an iron with 1.25 per cent 
combined carbon, containing approximately 4.00 per cent 
nickel, was capable of being cut easily. 

Its influence seems to be identical with silicon as far 
as its ability to soften the iron extends, yet it accom- 
plishes its purpose with no decrease in the strength of 
the iron, a point directly opposite to that of silicon. 

It tends to close the grain of the iron, giving higher 
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strengths at no expense to the machine shop in more diffi- 
cult machining. 

Nickel has the property of throwing carbon out of 
solution rapidly during the solidification, a point which 
makes this metal desirable in extremely thin walled cast- 
ings, as it avoids any tendency toward chilling during the 
cooling period, which would cause the iron to become 
white. 

Thin section castings containing from 3 to 4 per 
cent nickel may be bent and twisted to a certain degree 
taking a permanent set upon releasing the pressure. 

By far the best results on metal with nickel additions 
are obtained through the use of the basic process, in that 
low sulphur content and thorough deoxidation are pos- 
sible. As this metal usually is cast into a high priced 
product, a few dollars difference in the cost of conver- 
sion is negligible when considered in the light of the high 
quality desired. The ordinary charge consists of pig 
nickel together with pig iron or high grade iron scrap. In 
mixtures where low phosphorus is desired, the greater 
proportion of the charge will be a low phosphorus pig 
iron. Best results are obtained when melting under a 
carbide slag from the start of the heat, consequently lime 
is added to the furnace with the charge, together with a 
small amount of carbonaceous material to furnish the nec- 
essary reducing atmosphere. 

Graphite Separates at Begmning of Heat 
After the heat has melted a certain peculiarity will 
be noted. This found only in these nickel mixtures. A 
heavy separation of graphite from the metal is en- 
countered as soon as the metal is thoroughly fluid. This 
resembles the separation of liish in blast furnace irons, 
but offers no difficulties, for as soon as the metal has been 
superheated this carbon rapidly returns to the iron, be- 
ing soluble at high temperatures. As soon as this graphite 
deposition occurs, the doors should be sealed tightly and 
the furnace run for at least 15 minutes when a quick ex- 
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amination will disclose whether or not the re-solution has 
occurred. If not, more time is required. 

There is no opportunity for close chemical analysis^ 
on such heats. Therefore great care must be exercised in 
the selection of the charge and furnace tests must be 
taken in a different manner. The spoon test is used to 
determine the temperature, but the metal instead of be- 
ing poured into a square bar is poured into one of a wedge 
shape, capable of being split when black. This gives the 
fracture of the metal, and the amount of chill obtained 
in different sectioned castings. Knowing the desired 
structure of the metal for a certain class of work, it be- 
comes easy to change the metal so that its character is 
that desired for any given section. This is done rapidly, 
either by the addition of small amounts of silicon, if the 
iron shows too hard, or by adding small proportions of 
steel for the softer fractures. 

With the high percentage of nickel used, this iron 
has a higher melting point than its comparative nickel 
free mixtures and requires higher pouring temperatures. 
The electric furnace offers perfect conditions to attain this 
end. These alloyed heats are poured at temperatures 
close to those for steel, usually being tapped 2800 to 2900 
degrees Fahr., which is extremely high for iron. 

Tests on Nickel Irons 

In Stahl imd Eisev of Sept. 30, 1920 some figures 
appeared covering results when nickel and cobalt were 
used in mixtures of gray iron. The authors used lower 
percentages than those mentioned in this section, namely 
from 1.00 to 1.50 per cent nickel. They state that they 
find 1.00 per cent nickel increases the bending strength 
approximately 30 per cent, the compressive strength, 30 
per cent and the tensile strength, 18 per cent. 

The use of cobalt was attempted, 1.00 and 2.00 per 
cent of the alloy being used. Results obtained were di- 
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rectly opposite to those obtained from nickel, the hard- 
ness increasing rapidly while the bending strength, the 
compressive strength and the tensile strength decreased. 
Therefore, the results were negative conclusively show- 
ing that cobalt does not offer any possibilities in its use 
for gray iron. 


Effect of Zirconium 


Moldenke at the Columbus meeting of the American 
Foundrymen’s association, in 1920 gives some data cov- 
ering the use of zirconium. It was found that its use was 
negative unless high temperatures of the iron were ob- 
tainable, the alloy seeming to require a high temperature 
to start its de-oxidizing reaction. When used in small 
percentages, in the form of 30 per cent ferroalloy, the re- 
sults were fair, but larger percentages seemed to chill 
the iron so that results were negative. He gives some fig- 
ures as follows: 


Gray Iron Mixture 

60 per cent pig iron, 40 per cent scrap. 


bars each. 
Breaking 
strength, lbs. 
2700 
2920 
2900 
3050 


Deflection, inch 
0 10 
0.11 
o.n 
0.11 


Averages from 3 

Zirconium 
added, per cen 
none 
0.05 
0.10 
0.15 


White Iron Mixture 


60 per cent car wheels, 40 per cent white iron scrap. 3 bars. 
Breaking Zirconium 

strength, lbs. Deflection, inch added, per cent 


2640 

2790 

2880 

2940 


0.10 

none 

0.10 

0.05 

0.11- 

0.10 

0.11 

0.15 


From these figures it can be seen that zirconium of- 
fers nothing startling. With the higher temperatures ob- 
tainable in the electric furnace it might be possible to ob- 
tain more advantages by using larger percentages of al- 
loy, a point which later research may prove. 
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Use of Molybdenum 

Molybdenum is finding considerable use in iron cast- 
ings of late years, especially in chilled rolls. Rolls for 
mill work are important in that an accurate check is kept 
upon the service given throughout the life of the roll. 
The roll which gives a longer period of active service 
naturally is the one which will be in greatest demand. 
Roll makers faced with such a proposition have turned to 
the use of any alloy which would give a superior product. 
The use of the molybdenum is a result of this research. 

This element finds its greatest asset in its accurate 
control of the depth of chill. It seems that its use pro- 
motes a more active metal, one which is sensitive to the 
effect of a chill. This results in the possibility of being 
able to make rolls in which this desired chill may be con- 
trolled to an exactitude not possible with the ordinary and 
more sluggish mixtures. As the depth and character of 
the chill on a roll is the most important point in manu- 
facture, molybdenum seems to have been a great aid. This 
also has been used to some extent in car wheel manufac- 
ture, but no information is available concerning its value. 

Vanadium, and Other Alloys 

Vanadium has been used in iron mixtures, and con- 
fers certain helpful properties. Its main asset is in slight- 
ly closing the grain of the metal and in throwing out the 
graphite in finer and smaller flakes. This gives a soft, 
and readily machinable iron which may be used where 
high speed production is necessary. Whether these prop- 
erties can be obtained at a cost commensurate with their 
importance is yet undecided. 

Cerium, uranium, titanium, etc., all have been used 
at various times in gray iron castings, but their use has 
been experimental, the result being of such a character 
that no further attention has been paid to their com- 
mercial use. 



XV 

LADLES— THE TYPES AND THEIR CARE 

O NE of the most important, yet least considered 
points in the majority of modern steel foundries is 
the care and preparation of ladles, and the practice 
followed in pouring molds. Many castings are lost through 
gross carelessness or lack of knowledge on these details. 
In some shops the actual pouring is under the direction of 
the melter. In others the foundry foreman supervises 
this feature. Unless the practice is well established dif- 
ficulties ensue. The melter knows the temperature and 
condition of his metal, yet may remain in ignorance as 
to the peculiarities of each casting poured. On the other 
hand, the molding foreman knows exactly what is in each 
flask poured. Further, the molding foreman may be 
ignorant as to the characteristics of this particular heat 
of metal. The evident result is that some molds are 
poured too slow, others too fast, hot metal may be poured 
into castings requiring the deadest sort of steel and so on. 

Even when the person who supervises the pouring 
possesses sufficient knowledge and discrimination to judge 
the pouring operations, ladle trouble, with its many ob- 
stacles often arises to throw out of gear all previous cal- 
culations. Pouring the heat is as important as the mak- 
ing of the steel itself, for what value is excellent steel if 
the mold is spoiled by improper handling. As in most 
foundries the furnace operator is in direct charge of the 
ladles and the pouring it has been thought wise to include 
some data on this subject. 

Types of Ladles 

Three main methods are used for handling steel 
from the furnace to the mold at the present time. These 
are the common lip-pour ladle, such as predominates in 
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iron foundry work, the tea-spout, and the bottom pour 
ladles. 

The lip-pour ladle consists of a brick lined steel pot, 
suitably arranged with gearing to tilt it. This type ladle 
has been adopted through familiarity with iron foundry 
work for many years. The ladle offers certain advantages. 
There is a certainty of being able to pour the heat with 
no difficulty from a leaky stopper, or any chance of the 
spout freezing as with other types. The one in charge 
of pouring is able to tell with great certainty the amount 
of metal remaining in the ladle after a great part of the 
heat has been poured, with its attendant saving in cast- 
ings poured short. Finally, accurate control of the 
stream of steel being poured into the mold is possible. 

Disadvantages Are Greater 

These merits pass into insignificance when the dis- 
advantages are studied. In the first place, the steel, as 
it continually pours over the lip, always is in contact with 
the cold air, the result being that there is a rapid chilling 
effect on the metal. This requires that the metal be heated 
to higher temperatures with increased cost. It results in 
more ladle skulls, and more castings lost from cold metal 
both of which are costly. The second important count 
against this piece of equipment is the great difficulty in 
keeping the slag back during pouring. Often consider- 
able quantities of slag enter the mold with the metal and 
result in defective castings. 

As high heats are necessary, the ladle itself must be 
highly heated. This requires more oil, which with the 
hotter metal, and heavy skulls give less tonnage on a 
ladle lining. These disadvantages are such that the use of 
this class of ladle is rapidly declining. Lip-pour ladles 
today are used mostly in shops where a small amount of 
metal is poured at one time, or in those un^er the direction 
of old school foundrymen. 

The tea-spout ladle consists of an ordinary lip-pour 
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ladle with an attachment similar to the spout on a coffee 
or tea pot, from which its name is obtained. This sup- 
plementary spout is so arranged that the metal from the 
bottom, or near the bottom, of the ladle passes up through 
this spout and is poured. This means that the metal is 
taken from under its covering of slag and has two main 
advantages: First, there is little trouble due to slag in- 
terfering with the flow of steel over the lip. Second, the 
blanket of slag covering the steel is not disturbed and 
aids greatly in keeping part of the heat of the steel within 
itself. This does away with one of the main counts 
against the lip pour ladle, yet the majority of the disad- 
vantages inherent in the original ladle still are contained 
in this later modification. There is a great tendency for 
the metal to get cold and freeze in this tea-spout. The 
ladles must be highly superheated, as must the metal also. 
In short, this type of ladle is nothing but a self skimming 
lip-pour ladle with all the weak points of the latter. Such 
ladles, on account of the surety of pour, are widely used 
and may be considered as a common piece of steel foundry 
equipment. 

Bottom Pour Ladle 

The bottom pour ladle has been in use for many years, 
especially in basic, open-hearth steel work, where great 
care must be used in the separation of slag from steel. 
This type of ladle is exactly like the lip-pour ladle except 
that the metal is poured through a hole in the bottom of 
the ladle itself. This hole is made by inserting a special 
brick in the ladle bottom and tightly ramming it into 
place. The top end of this brick has a circular depression 
into which fits the end of a long, covered rod, known as 
the stopper rod. This rod is so arranged on a system of 
levers that it may be raised and lowered, opening or clos- 
ing the bottom opening in a manner similar to removing 
and inserting a cork in a bottle. Such an apparatus has 
the following manifest advantages: 
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As the steel is taken from the bottom of the ladle, 
there is but little possibility of ever obtaining slag in a 
casting. 

The slag, after it is tapped, forms an air tight blanket 
over the surface of the metal, and during the pour is not 
disturbed. The main result of this is the slight loss of 
heat from the metal, consequently the steel may be poured 
throughout the pouring period at much higher tempera- 
tures than is possible with the other types of ladle. 

Due to this arrangement there is no skimming to be 
done during the pour. This gives a saving in labor. 

With the great saving of heat in this method, there 
is no necessity for heating the ladle to such high tem- 
peratures before the metal is tapped into it, making a 
considerable reduction in the amount of oil used for ladle 
heating. 

With the possibility of less heating before the metal 
is tapped, and with the ability to pour much colder metal 
successfully the life of such a ladle lining is greatly pro- 
longed, making the refractory cost considerably less. 

With less chance of skulling, the amount of labor to 
reline and keep such ladles in repair is far lower than on 
the other types. 

As the temperature of the metal remains higher dur- 
ing the pour than with the other ladles, there is consider- 
ably less skulling, less spilled metal, and much less metal 
cast into pigs when too cold to run a casting. 

Due to the ease of handling such a ladle, less time and 
less labor are required to pour a specified amount of 
metal than with the others. 

In certain instances a large nozzle brick may be used, 
and metal can be poured into large castings, so cold that 
it would never get over the lip of the other classes of 
ladles. 

However, it is but natural that this type of ladle 
should also have its disadvantages. As with the tea-spout 
ladle, there is more uncertainty to the pour, caused by 
troubles with the nozzle leaking, the rods burning through, 
etc. Cost is increased each heat by the' amount of one 
stopper head, one nozzle brick, and 5 or 6 sleeve brick, 
plus the extra cost of upkeep on the rods, pins, etc. It is 
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difficult to know the exact amount of metal left in the 
ladle toward the end of the pour. This increases the 
chances of pouring a casting short. There is a certain 
amount of uncertainty in knowing the exact temperature 
of the metal until the stream is started, often causing hot 
metal to be poured into a large heavy mold. As this is 
more carelessness than the fault of the ladle it cannot be 
used as a count against this type of equipment. 

Personally, the author knows from experience, that 
the advantages of the bottom pour ladle are so great that 
a shop should not be considered as turning out a high 
grade product unless such equipment is used. Not only is 
this ladle far superior from the standpoint of quality, but 
it is far ahead of the other types in cheapness of opera- 
tion. While it is true that the rod equipment costs more 
per heat, the great saving in other items far overbalances 
this slight cost. The speed and ease of pouring, the lack 
of spill, skulls, pigged metal, less labor, etc., constitute 
great economies at the end of a year's operation. 

The other side of the story is this : 

“Yes we have tried bottom pour ladles, but they gave 
us so much trouble that we had to quit them. They may 
be all right, but we cannot take any chances with our 
product.” 

The trouble with the objector in such an instance is 
this. His shop has tried the bottom pour ladle, but in the 
hands of a man who did not know how to operate one, or 
under the supervision of a melter who was not acquainted 
with the peculiarities of its operation. One would not 
expect an automobile driver to step into an aeroplane and 
do stunt flying at once, so why expect a green man to 
operate something which is difficult even to the experi- 
enced ladleman. 

The efficient operation of a bottom pour ladle is an 
art, and one in which as much experience is required as 
in successful steel melting. It is perfectly true that 
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trouble is encountered due to leaky stoppers, etc., but what 
can be worse than a frozen tea-spout, or a frozen lip pour 
ladle, or a heat where a great part must be poured into 
pigs. The author has supervised bottom pour ladles for 
many years and has had his troubles, yet they were in- 
significant when the perfect heats are considered. 

Maintaining Ladles 

Regardless of the type of ladle used, there are cer- 
tain points in which all are equal. The first question which 
confronts the new shop is whether to use a rammed 
ladle lining or one of brick. While the writer favors 
the brick lined ladle, there are many successful shops that 
use nothing but rammed linings. Personally, the author 
has found the brick lining is better in service. 

If a rammed lining is to be used, it will be necessary 
to build a wood form with a diameter such that when 
placed in the ladle, it will allow the desired thickness of 
lining around the sides. This form is best made in sec- 
tions so that as the bottom section is rammed, the height 
may be raised. This allows better and harder ramming 
for each successive layer, making the lining more homo- 
geneous and of a more durable character. The bottom 
of the ladle should be laid of a good quality fire brick, 
usually two rows laid flat being used, and properly ce- 
mented into place with fire clay or with some good refrac- 
tory cement. The wood form then is placed in position 
and the refractory material rammed around it until a 
section the depth of the form has been rammed. Another 
section is placed in position and this operation is repeated 
until the material has reached the top of the ladle. 
The different classes of refractories used are so many 
that it is needless to enumerate them, but near- 
ly all consist of some sort of a ganister mixed with a 
binder such as glutrin, sodium silicate, or some refractory 
cement, mixed to a stiff mud and tightly rammed, in a 
manner similar to placing an acid hearth in place. In cer- 
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tain instances, where a basic lining is used as in manga- 
nese steel ladles, a mixture of magnesite is used with a 
proper binder. 

After the ladle is completely lined, it is allowed to 
stand for several hours, often over night, until the re- 
fractory has had a chance to air set. Then the form 
carefully is removed and a low fire is started in the ladle. 
This heat is gradually increased until a hot fire is at- 
tained in the ladle. This is continued until the lining has 
dried thoroughly. The fire never should be forced at 
the start as this will result in scabbing the refractory and 
often will cause large patches to spall off. Generally six 
or eight hours are required to thoroughly dry a 3-ton 
ladle, the usual method being to start the fire about noon, 
run slowly until 3 o’clock, when the fire is increased, un- 
til at about 4 :30 it is extremely hot. Sufficient coke then 
is added to keep the fire all night, the ladle being dry 
next morning, and only requiring the oil flame to set the 
refractory. The flame is placed on the ladle and it is 
run until white hot, and dripping if possible, when it is 
shut down and the ladle is ready for steel. 

Lining Ladle With Brick 

The bottom is placed in the same way in a brick 
lined ladle, but the walls are formed of arch bricks, 
shaped to fit the contour of the ladle, and laid in a heavy 
mud so that no cracks remain. When completely lined 
a fire is started. This may be run high from the start 
with no danger from spalling. After the ladle is thor- 
oughly dried the mud is plasterjed over the joints and 
every crack filled when it is ready for its first heat. The 
great advantage of a brick ladle is its strength through- 
out the mass, with no tendency toward spalling of large 
patches, or to crumble under increased heat. 

After every heat, ladles should be chipped carefully 
to remove small metal skulls and adhering slag. Any 
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small worn spots should be mudded. As soon as a ladle 
develops a spot which is thin, or which looks dangerous, 
it should be removed and new bricks placed in position. 
About two inches of molding sand is rammed over the 
bottom to protect it from the falling metal stream. This 
should be inspected carefully after every heat to make 
sure that it has not cracked or that there is no metal hang- 
ing. Small skulls left in a ladle are a prolific source of 
trouble and often cause the metal to chill around them 
resulting in serious freezing. 

Preparing for Steel 

Assuming that the ladle is lined, the bottom placed 
in position and thoroughly dry, the next step is the ac- 
tual preparation of the ladle for the steel. If a lip pour 
ladle, the requirement is to form the lip itself, which is 
best made in the shape of a deep rounded V, over which 
the steel will pour in a light stream, its amount being con- 
trolled easily. 

For tea-spout ladles the spout itself must have atten- 
tion. This is lined like the ladle, but usually is made of 
some rammed material, as it must be changed after every 
few heats. The spout may be m’ade in two ways, either 
outside of the ladle proper or inside of the ladle. The 
outside lip has certain advantages in that it is accessible, 
through having a removable face plate, in case of having 
to remove a frozen stub from the spout. For this 
case a counterweight is required on the opposite side of 
the ladle, and a little more difficulty is encountered in 
pouring the steel, due to the heavy off center overhang. 
Regardless of the position of the spout relative to the 
ladle, it will consist of a long tube, probably 4 or 5 inches 
in diameter, connected with the body of thfe ladle by an 
open space through which the metal can enter this pipe. 
In heating, this class of ladle always is laid on its side 
against a wall with the spout up, so that this section of 
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the ladle is the hottest. Such a ladle will give trouble un- 
less the spout is white hot before the metal is tapped into 
it. 

On pouring from such a ladle, a few large castings 
should be poured first so that the metal running over this 
lip and up through the spout, may have a chance to heat 
the colder sections which are exposed to the air. As soon 
as the spout is hot and the steel pours clean over the lip, 
smaller castings may be poured, until the metal begins 
to chill when all haste possible must be used to get the 
metal out of the ladle. In case of the spout freezing there 
is nothing which can be done except pour the metal over 
the opposite lip. For this reason, a good lip should al- 
ways be provided on the side opposite to the spout for 
just such emergencies. 

Tea-spout ladles find their widest use in the smaller 
shops where metal in amounts under 3 tons is poured at 
one time, although the writer knows of several operating 
in shops pouring up to 7 or 8 tons at a time where a 
large amount of this metal is shanked from the large ladle 
to pour the side floor work. 

Bottom Pour Practice 

In making the bottom of a bottom pour ladle a small 
hole is left over the nozzle plate, this hole being approxi- 
mately 12 to 14 inches square. The nozzle plate is a ring 
shaped plate bolted to the ladle bottom upon which the 
shoulder of the nozzle brick rests. When the nozzle is^et, 
it is placed in the center of the hole resting on this plate, 
and in an exact perpendicular position. Tempered mold- 
ing sand is rammed tightly around this brick to hold it in 
position, the sand being so rammed that the brick is at the 
lowest portion of the ladle, the bottom sloping gradually 
up and away from this brick. This assures a clean drain 
of the metal from the ladle and prevents bottom skulls. This 
brick never should be allowed to be in a hole in the bot- 
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tom with abrupt walls, for if so placed there is the chance 
that the rod during the pour, might slip sideways a little, 
and the hole would be so steep that it would not slip back 
into place. This would result in serious run out. 

Setting the nozzle is an important operation and the 
greatest of care should be exercised in the selection, test- 
ing, and placing of the brick. These nozzle bricks are 



Fig. 65 — Surface Defects in Nozzle Bricks are Ground by a Cast 
Iron or Steel Grinder of Exact Stopper Dimensions 
and with a Nicked Grinding Face 


SO designed that the upper portion of the face is concaved, 
and it is around the rim of this section where the stopper 
rod fits to seal the opening. The brick selected should be 
one which has a smooth face and it should be tested for 
its correct contour before setting. 

Fitting the Stopper 

The method of testing such a brick is to place it on 
a bench and setting a standard stopper head on it in the 
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exact position which w^ould 
follow if in the ladle. This 
head is rotated against the 
brick, with a slight pressure, 
and the black ring caused by 
this contact observed. If this 
brick has a perfectly round 
and uniform face, the ring 
will be a perfect black circle. 
If not, bare spots will show, 
denoting either small lumps 
or depressions in the brick’s 
surface. 

If the lumps or depressions 
are slight it will be permis- 
sible to use a grinder to 
bring the surface to its proper 
shape. Such an implement 
is shown in Fig. 55. This 
consists of an iron or steel 
casting, of the exact shape 
of a stoppei’ head, being ma- 
chined to these dimensions. 
The upper or bearing surface 
is nicked with a chisel so that 
as this head is rotated against 
the rough surface of the 
brick its abrasive action is 
such that it wears away the 
uneven spots and brings the 
brick to such a shape that 
the fit of the latter head is 
perfect. Too much grinding 
is not permissible as the ab- 
solute removal of the bricks’ 
i^urface offers a soft spot 



Sr/c/r 

Joint 

Rod 

5/eeve 
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which will be cut away under the influence of the hot 
steel. As soon as the shape of the brick is such that a 
perfect fit of the stopper head is assured, by the absolute 
regularity of the black circle, the head is placed on the 
brick and a small amount of dry flne sand placed around 
the head where it rests against the brick. If the joint 
is tight enough to hold the sand, the fit is satisfactory, 
and the nozzle is ready for the ladle. A nozzle never, un- 
der any circumstances, should be used without this sand 
test. 

Bricks will be found which are so uneven that they 
will require heavy grinding to bring to shape. These 
bricks may be saved for use on heats where only one or 
two stops are to be made which will take the greater pro- 
portion of the heat, so that there would be slight danger 
of trouble even though the stopper allowed a light dribble 
after the first opening. When the nozzle brick is rammed 
into place in the ladle care must be used to see that the 
brick is centered properly on the nozzle plate, that it is 
absolutely perpendicular and that the ramming is so tight 
that there is small chance of the brick working loose and 
allowing leakage. 

Preparing the Stopper Rod 

After the nozzle is set properly for the bottom pour 
ladle, the next step is to set the stopper rod. This is as 
is shown in Fig. 56, and is prepared in accordance with the 
following procedure. The first step is to note if the iron 
rod is straight and if the threads are in good condition 
for the nuts. If so, the stopper head is placed in posi- 
tion on the lower end of this rod by the pin as shown in 
the illustration. After the pin is in place, the head should 
be rotated until the nut tightens, giving a tight fit against 
the lower end of the rod. A handful of either mud, fire 
clay, or some good refractory cement is rubbed around 
the top of this graphite head when the first sleeve brick 
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is placed in position and forced as tight as possible against 
the stopper head. This same process with the mud is 
used between each of the bricks until the rod is filled as 
high as desired. The washer then is put on and tight- 
ened with a nut until the rod’s coating is tight and the 
cement is being squeezed from the joints. Then the rod 
is placed on its side and given a coating of the cement, 
this being rubbed on by hand, and sufficient in amount 
to fill any small openings between the bricks. 

The best material the author has found for the joints 
is any refractory cement. These have the ability to resist 
heat in operation, and also have a natural tendency to bind 
in place, and do not flake out as is the case with fireclay 
or mud. Furthermore, when the ladle is being dried, they 
will heat without cracking badly. 

It is unnecessary to mention that the sleeves used 
should always be in first class condition, and fit snugly into 
each other, and over the stopper head. As each brick is 
laid, it is good practice to fill the space between the iron 
rod and the brick with sand, that any slight leak may be 
stopped before it has a chance to attack the rod. A rod 
never should be used unless every joint is perfectly tight, 
as a loose fit is an invitation to the metal to enter, often 
with bad results. 

When the rod is finished, the opening in the bottom 
of the stopper head should be plugged. This stopper head 
is graphite and naturally rather soft, with a tendency to 
give. The greatest trouble is to find some plugging sub- 
stance which will stand the heat and the action of the 
metal without burning, and yet at the same time will have 
an expansion close to that of the graphite so that it will 
not fall loose when the rod is heated. Many substances 
are on the market for this purpose, but a satisfactory ma- 
terial may be made in the shop. Take the old stopper 
heads as they are used and pulverize them. To this 
powder add sodium silicate until a stiff mud is formed. 
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This is forced into place with the fingers. When a plugged 
head of this cement has passed through a heat, it is ab- 
solutely impossible to tell where the joint has been made, 
so intimate is the connection. Such a cement will resist 
heat and the flow of the metal exactly the same as the 
head itself, and as it is made of the same material it has 
the same expansion, so that there is never any trouble 
encountered on this point. 

The rod being finished, it is necessary to dry it thor- 
oughly before use. This can be done in almost any oven. 
In the open-hearth shops, they are dried by leaning 
against the hot furnace. Some shops dry their rods in the 
core ovens while others have specially made ovens. Re- 
gardless of the equipment, the rod should be dried slowly 
and when used should be still warm. 

Setting the Stopper Rod 

When a ladle is being made ready for use, the rod 
always is set before the ladle is heated. The rod is fitted 
to the gooseneck and so arranged that it will have plenty 
of play during the heat, note being taken of the fact that 
the head wears off as the heat progresses and sufficient 
allowance in added length is taken to cover this feature. 
The rod is tried several times to assure that it will slip 
into place easily when the lever is lowered. It then is 
placed in its final position and again tried at the joint 
with dry sand. If any comes through, the brick should 
be cleaned carefully and tried again. If sand still leaks, 
the rod must be rotated against the brick to fit the head 
into brick shape which usually will give a good test. 
As the brick has been tested previously there should be 
no difficulty on this point, although often a small piece of 
dirt from the ladle wall will fall and stick against the 
brick, causing the first leak. As the rod is ground into 
place, this is forced out and a tight fit results. The rod 
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being satisfactory it is removed and the ladle is ready for 
heating. 

A small piece of steel plate should be placed over the 
nozzle brick to prevent any possibility of dirt or mud 
falling and sticking to this brick, or clogging the opening. 
If this steel has a lug attached with a hole in it. its re- 
moval by a long hook is easy. The flame is lighted and 
the heating of the ladle begins. Bottom-pour ladles al- 
ways are heated from the top, and commercial types of 
burner are satisfactory for this purpose. A bottom-pour 
ladle does not have to be heated to a high temperature, 
but just enough to insure complete dryness, and to take 
any chill from its body. 

Experience has shown that it only requires 15 to 20 
minutes of the flame to prepare a dry ladle for a heat of 
steel, any time over this period only results in a waste 
of oil or gas. This type of ladle may be over-heated, re- 
sulting in running either the walls or the plate over the 
nozzle. If any running occurs it is likely to go against 
the surface of the nozzle resulting in a poor fit with later 
trouble. If a ladle is thoroughly dry it needs only to be 
brought up to a dark red. The rod may be finally set 10 
or 12 minutes before the pour, when there is plenty of 
time to insure a careful job. A ladle never should be 
brought to the furnace for steel without the final sand 
test. 

Encountering Trouble 

The foregoing has covered in a general manner the 
method pursued in the arrangement of a bottom pour ladle 
preparatory to tapping the furnace. Troubles are bound 
to happen, but as they are the result of nothing but gross 
neglect it is best to mention them specifically so that the 
shop entering this field may be forewarned, and thus 
armed. 

Rod brick splitting is a difficulty caused by only two 
things: By the nut on the rod being so tight against the 
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brick that there is no chance of expansion being taken 
up, the pressure breaking the brick; or by the rod being 
still moist, the steam actually blowing a brick apart when 
the hot metal strikes it. The result of such an occurrence 
is that the bare iron rod is exposed to the metal, and if 
the heat is in any way hot, or medium, the result will be 
that the metal will burn the rod through, and it will be 
necessary to finish the pour over the lip. 

To avoid as far as possible such an accident, the 
greatest care should be taken in drying the rods, and the 
ladleman should be certain that the rod is perfectly dry 
before it is set in the ladle. The best method of covering 
this item is to keep all the made-up rods in a certain 
oven, having at least three or four days supply set at all 
times. If a system is arranged whereby the rod used 
has been in the oven three days or more, and is still 
warm before use it is practically certain that there will be 
no trouble from moisture. 

To avoid any chance of expansion breaking the 
bricks, the lower nut should be loosened just before the 
ladle is brought to the furnace allowing at least one-quar- 
ter of an inch. As the brick will heat and expand much 
faster than the interior iron rod this lengthening must 
be compensated. If the lock nut is sufficiently loose the 
brick, as they expand, will slide along the rod easily for 
the small amount of increase due to their rapid heating. 
If the rod has been made properly there is no danger of 
the metal lifting the bricks and causing an opening in a 
joint lower down. 

Rod or slag boil is an occurrence that will be found 
only on heats made by the basic practice, and more es- 
pecially on those where the slag is of a highly cutting na- 
ture, and extremely hot and fluid. This ^rouble will man- 
ifest itself within a few minutes after the metal has been 
poured into the ladle. A small boil will begin around the 
rod at the slag line, and may increase in intensity so as 
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to throw considerable slag from the ladle. If the upper 
layers of the rod are moist, this boil may become violent 
and at times absolutely dangerous. If such a boil is al- 
lowed to continue it will slag off the upper brick, and the 
hot slag will eat through the rod itself. 

The remedy for any such condition is to throw sev- 
eral shovels of lime around the rod as the slag comes 
from the furnace. This will harden and thicken the slag 
so that there will be small chance of its tending to slag 
away the rod brick. Naturally a heavy basic slag will eat 
away the acid rod brick as the heat progresses, but as 
this slagging action is not centralized, but extends over 
the entire length of the rod it is seldom the cause of any 
serious trouble. 

A stopped nozzle will manifest itself at the first, when 
the ladle is opened only a dribble, or often no metal at all 
will come forth. This is caused by something having 
dropped and closed the opening in the nozzle brick, while 
the ladle was heating. If just before the final setting of 
the rod a bar is thrust down through the opening there 
will never be a chance for this to occur, as any small 
amount of ladle lining, or dirt will be broken loose. One 
of the methods of preventing this trouble has been men- 
tioned, using a small steel plate to cover the nozzle while 
heating the ladle. 

If such trouble occurs on the floor, the only remedy is 
to shut the opening quickly so thai there is no chance of 
metal dribbling down and freezing the opening, and use 
a pricker to open up the nozzle brick. If dirt can ac- 
tually be seen, a pointed iron bar will be satisfactory to 
use to break it loose. If the stream still refuses to run, a 
wooden plug, attached to a long iron bar should be in- 
serted and the ladle lowered against some heavy mold, 
etc. The weight of the ladle will drive this wooden rod 
through any obstruction, and is preferred over an iron 
bar in that any small metal dribble will not freeze against 
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it. Such a procedure is dangerous, to say the least and 
often results in a ladle which leaks badly. 

A ladle which leaks under the furnace is caused by 
only one thing — a poor setting of the rod. It may have 
been that a small piece of dirt has stuck to the nozzle 
brick, or the stopper head, and the ladle still held sand, 
but when the pressure of the metal was exerted this accre- 
tion moved, opening a small orifice through which the 
metal easily forces its way. Speed is essential to get over 
the first mold so that the stream will have a chance to 
wash away any small hanging particles. After several 
openings such a leak ordinarily will stop, and furnishes 
difficulty only in proportion to the amount of the leaking 
stream. 

Pb^g Crocking 

A slight amount of moisture in the graphite stopper 
head may be the cause of serious trouble, the steam pro- 
duced under the influence of the metals heat causing the 
head to split in two. The first opening usually will give 
a clean shut, but on the second a slight dribble will start, 
which gradually gets worse as the pouring proceeds until 
near the end of the pour a bad stream may be leaking 
from the ladle. As the rod cracks the metal works its 
way through this crack, gradually enlarging the opening, 
until often such a heavy stream leaks that it is necessary 
to tilt the ladle and finish the pour over the lip. 

This trouble is more frequent in localities where 
moisture predominates, in such places as are located in 
marshy or swampy country, the graphite having a strong 
tendency to take up a large amount of moisture. The 
author has seen instances where rods that had been dried 
thoroughly and allowed to stand over night in a slightly 
warm oven, have developed head cracks, although the 
stopper head itself when it was set in the ladle was still 
warm to the touch. To overcome any further occurrence 
of this trouble, the rods should be heated on the head 
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end to a high temperature before being finally set for 
metal. 

One practice adopted to cover this point is as follows. 
As soon as the rod has been tried in the ladle, and at- 
tached to the gooseneck, it is removed from the ladle 
and hung up on end, so that the graphite plug is in a 
small coke fire, the red hot coke surrounding the entire 
head. Its closeness to the hot coke is regulated according 
to the time to be held in such a position, the main point 
being the fact that the stopper head itself should be a 
fair red when finally lifted and set in the ladle prepara- 
tory to the pour. A red hot stopper head never will crack. 
It offers much less chance of splitting or spalling when 
the hot metal strikes it. The head helps to preheat the 
nozzle surface aiding in the prevention of stickers, etc. 
If the heating is not too prolonged there is no chance of 
oxidizing the surface and spoiling the set. Before set- 
ting in the ladle, such a rod should have the head well 
brushed with a piece of old sack to insure that no dirt or 
coke is hanging to the surface. 

Plug Burning On Side 

As a heat is poured the graphite plug burns down 
considerably, often being reduced a i/j-inch in length on 
a hot heat. Occasionally this burning may take place in 
an irregular manner, one side of the stopper head burn- 
ing away faster than the other; or a certain spot may 
give way quickly. The result is that an opening in the 
head is left through which the metal passes, causing a 
leaky ladle. Often, this is caused by a soft spot on the 
head itself, or it may be caused by the head being 
scratched or chipped during handling. A small leak will 
grow in size rapidly especially where the metal is hot, 
and it often becomes unmanageable. This is hard on the 
pouring man as often he cannot tell what is causing the 
leak, and proceeds on the assumption that the seat of the 
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trouble may wash away. By the time the cause appears, 
the leak may be so bad that considerable metal is lost. 
A soft head cannot be foreseen, but by taking all possible 
precautions of examining every rod as made up, minor 
cracks, chipped spots, and scratches may be seen, and 
the head scrapped, or used on a heat where there are 
only a few stops to be made. 

It may happen that the joint between the stopper 



Fig:. 57 — When the Plug: Becomes Welded to the Nozzle Brick, 
Breakage Sometimes Results Before the Joint is Released 

head and the first sleeve brick becomes loose, allowing 
the metal to attack the pin which holds the head againsi 
the brick. The metal gradually will eat its way through 
the plug until a clean cut is made. The ladle thus is shut 
off automatically and must be poured either over the lip, 
or the plug forced out of the way with a wooden pin and 
the ladle poured running wide open. This may be caused 
by the plug in the bottom of the stopped head coming 
loose allowing the metal gradually to eat through the nut. 
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As this trouble often occurs at about the end or the mid- 
dle of the heat, it furnishes a mean proposition to handle. 

Pin Melting 

On extremely hot heats the writer has seen instances 
where this small steel pin actually melted away from the 
heat conducted through the stopper head. The amount 
of heat to which this pin is exposed is considerable and 
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quickly will crystallize the steel to such a point that its 
strength is low. A pin should be used only two or three 
times, and should be carefully examined for any traces 
of weakness each time before it is used. 

At least 75 per cent of bottom pour ladle trouble is 
caused by sticking stopper head. The ladle will pour 
perfectly on the first opening, but when the attempt is 
made to open up on the second the rod cannot be lifted. 
This is caused by the graphite head sticking to the nozzle 
brick. Often this sticking is light, and the stream can 
be opened by exerting a little force on the pouring lever, 
but at times the welding is so tight that force will not 
open the passage. This welding is caused by the cold- 
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ness of either the metal, or the nozzle brick. On the first 
opening the amount of metal which passes through the 
nozzle is not enough to heat it thoroughly, and when the 
rod is forced into place it forms a light ring of metal be- 
tween itself and the brick, which immediately begins to 
solidify. As this metallic ring solidifies it binds the brick 
and the head tightly. When force is exerted certain 
things may happen as follows: 

If the ring is light, the ladle will open and the stream 
will pour forth. 

The stopper head may be actually pulled in two. 

The pin may be pulled through the stopper head. 

The joint may be so tight that the nozzle brick is 
pulled free from the sand, and slips up and down as the 
lever is worked. s 

Fig. 57 shows a stopper head sticklhg to the nozzle 
brick. This welding was so tight in tlils particular in- 
stance that the brick had to actually be chipped away for 
purposes of illustration. Fig. 58 shows a stopper head 
which has pulled in two. 

Sticking Causes Trouble 

A sticker offers peculiar results. The author has 
seen instances where on the second opening the rod 
would raise, but no metal would come from the ladle. On 
inserting a pricker the metal started and the remainder 
of the heat was poured perfectly, the ladle working in a 
most excellent manner. Again instances were encoun- 
tered where the stopper head actually pulled apart, and 
later welded itself, the heat pouring perfectly. Much de- 
pends upon the initial temperature of the metal. If the 
latter is hot, the heat often will be sufficient to melt away 
any small obstructions allowing a perfect pour. If the 
metal is cold the frozen ring may increase offering con- 
siderable trouble. 

The safest method of avoiding trouble from stick- 
ing rods is to have three or four molds ready. The ladle 
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is opened over one of these and as quickly as possible over 
the remaining few. This rapid movement is a great aid 
in preventing tight freezing of the ring, and after the 
ladle has been opened and shut several times this ring has 
been melted away, and the nozzle brick has been so heated 
that the formation of another ring is avoided. For heats 
where large castings are to be poured with cold metal, a large 
sized nozzle brick is used allowing a quicker passage of the 



Fig. 59 — Nozzle Brick Which Are Notched Resi.st the Tendency to 
Lift if the Plug Sticks 

metal. If a delay occurs with the ladle after the first 
opening, trouble will occur, speed being the best possible 
precaution against a sticker. 

The most serious trouble encountered on sticking rods 
is caused by the nozzle brick loosening in the ladle, and 
slipping when the rod is raised and lowered. This makes 
it impossible to pour from the bottom and lip pouring 
must be followed. As the sides of a nozzle brick are 
smooth at the best, this slipping is of frequent occurrence 
unless some counteracting measures are taken. The 
remedy is to cut deep grooves in the sides of the nozzle 
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brick before it is set in the ladle bottom. These offer a 
grip for the sand, and since adopting this remedy the 
writer never has had a slipping brick. P^ig. 59 shows 
such a brick with the grooving cut. 

Frozen nozzles are caused either by the metal being 
too cold for the size of nozzle used, or by pouring such 
a small stream that the opening progressively becomes 
smaller as the metal freezes against the sides until the 
entire opening is closed and the stream is shut off. If 
the freezing has been caused by cold metal there is noth- 
ing which can be done outside of lip pouring; but if the 
freezing occurs while the metal still is hot the opening 
can be burned out by using an ordinary acetylene torch. 
Any freezing of the nozzle is caused by carelessness as 
it easily can be seen in advance, when there is plenty of 
time to go to heavier molds. Its first indication is when 
small drops from the ladle begin to freeze slightly onto 
the nozzle ring, requiring the use of a light bar to pry 
loose. These accretions enlarge until complete closing 
results. 

Handling the Ladle 

Assuming that the ladle has been filled with fairly 
hot metal and is ready for pouring, the first step is to 
get the ladle centered over the first mold, the nozzle be- 
ing perfectly centered on the pouring cup. The size and 
make up of this first mold is important. It should be 
large enough to take at least 150 to 250 pounds of metal, 
figuring on a 3 to 4-ton heat in the ladle. It should be a 
casting with a minimum of cores as it is apt to cut badly. 
While a large casting is preferable, it never should be 
used on account of the high temperature of the metal at 
this time. This first casting should be lined up with 
several others in case a dribble occurs when the ladle may 
be quickly placed over the second cup, and then another 
until a clean shut is assured. 

On opening the ladle at first, a fair stream should be 
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given until at least 100 pounds of metal has poured when 
the stream should be rapidly shut off. If a clean shut is 
obtained the casting can be finished and the ladle moved. 
However, if the nozzle dribbles, due to a little dirt or cold 
metal being against the head or the nozzle, the rod should 
be opened and closed several times until this foreign mat- 
ter is removed. If the mold is filled and the ladle still 
dribbles, the only thing to do is to get over the next mold 
as rapidly as possible and repeat this opening and clos- 
ing. In the majority of cases a clean shut will be ob- 
tained on the first opening, but there will he times when 
a dribble will start which will continue throughout the 
remainder of the pour. 

In pouring steel castings, a fair sized stream al- 
ways should be used, the smaller castings being poured 
first when the metal is hottest, tapering off to larger and 
heavier pieces toward the end of the pour. The author 
has found good practice to be to i)our mostly light work on 
one heat, and follow with another for the heavier cast- 
ings. On the hot heats a ll^-inch opening is used, while 
for the large castings where cold metal is used either a 
2 or a 21 / 2 -inch brick is used, depending upon the size of 
the heat, and the number of stops to be made. In open- 
ing and closing the stream considerable practice is re- 
quired. The opening and clo.sing should be positive, the 
rod being closed with a quick snap of the wrist which 
throws the stopper into place, and forces any accumula- 
tion of metal from the face of the nozzle brick. 

With the trouble often arising from bottom pour 
ladles causing them to be poured over the lip, it is man- 
datory that a good system of ladle gearing should be 
adopted, which will allow the ladle to be tilted easily, 
and accurately if desired. A good arrangement is that of 
a helical worm gear, which operates easily in a posi- 
tive manner, and is self-locking. The tilting arrange- 
ment together with the mechanism operating the rod al- 
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ways should be kept well cleaned and thoroughly greased 
so that every movement is quick and easy with no pos- 
sible chance of binding. 

With the many excellent ladles placed on the mar- 
ket by the various manufacturers it is not worth while 
to build one. The different manufacturers have profited 
by experience in the design of their ladles, the rod op- 
erating mechanisms, and the tilting gears, and their prod- 
uct is such that it is hard to improve upon. Home made 
equipment usually is costly in the end, and the modern 
and progressive foundry should not be quick to adopt 
their own design especially if differing radically from a 
standard equipment. In the purchase of ladles for found- 
ry use, it will be preferable to obtain those which are 
short and wide, rather than the higher and more narrow. 
Due to having less head of metal to force the flow into the 
mold, the easier and softer the stream will be and the 
better the casting. 

Cleaning Costs Added 

Much trouble and cost is caused the cleaning room 
by careless pouring of steel castings. Scabbing is caused 
by pouring metal either too hot or too fast into a cer- 
tain casting; the same cause often gives rise to heavy 
fins, the force of the heavy stream actually lifting the 
cope from the drag. Shrink holes are caused by im- 
proper heading or by lack of feeding, often resulting in 
a lost casting due to the lack of a little thought. Large 
castings where the shrinkage is heavy should be poured 
slowly until the metal is into the head, when the ladle 
should be moved over the head and this filled with fresh 
metal. This places the hot metal where needed, in the 
point of last solidification, and where it will perform its 
required duty of feeding the body of the casting. If 
necessary several additions of hot metal jshould be made 
to this head, when it can be covered carefully with a small 
amount of charcoal and allowed to set. 



XVI 

COST DATA 

P RESENTATION of cost data covering the production 
of electric furnace iron and steel for castings is dif- 
ficult, due to the differing conditions found in vari- 
ous shops and localities. However, certain similarities 
exist in all operations, and if detailed figures can be ob- 
tained covering the specific items mentioned, the results 
can be changed to cover the situation for any certain set 
of conditions. 

While the final cost of the castings themselves is the 
most important item for any shop, this is impossible of 
general discussion, due to the wide differences of cast- 
ings made. One shop specializes on heavy jobbing work; 
another on light castings capable of quantity production; 
while yet another makes small jobbing work only. There- 
fore, the only figures which will mean anything are those 
covering the cost of the molten metal in the ladle. 

Costs of steel in the ladle will vary directly according 
to: 

Continuity of operation. 

Process, whether acid or ba.sic. 

Size and make of furnace. 

Class of product being made. 

Cost of power and labor. 

Geographical location. 

Efficiency of operations. 

The furnace operating continuously, naturally will 
make cheaper steel than one running only two or three heats 
a day, due to the ability always to melt on a hot hearth. 
This will manifest itself by cheaper power costs, less elec- 
trode consumption, less labor cost per ton of metal, greater 
refractory life, and a much lower figure for fixed costs 
per ton. 

The acid process will be found cheaper than the 
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basic, due to the shorter length of time required for a 
heat, the saving in slag materials, and the greater ton- 
nage produced over a certain length of time. 

A new modern type of furnace will make cheaper 
steel than an old antiquated one. The larger furnace will 
make cheaper metal, due to the greater tonnages pro- 
duced, and the greater efficiency obtained from melting 
larger units of metal at one time. 

The shop making the smaller sizes of work, will re- 
quire hotter metal than the shop making large, heavy 
castings, causing a rise in the costs of metal by increas- 
ing the figures for conversion. 

Costs of power and labor vary greatly in different lo- 
calities giving rise to great differences in the cost of 
manufacture. 

The geographical location of the shop is important 
on account of the freight charges for materials. Certain 
articles necessary for the electric furnace are made only 
in the eastern part of the country, as for instance, the 
following: Ferroalloys, electrodes, certain classes of 

refractories, stopper heads, etc. Naturally, the shop in 
the South or the far West is at a disadvantage in the cost 
of such necessities. 

The efficiency of operation is by far the most impor- 
tant point of the lot. The author has seen shops having 
a preference in costs lose out time after time on bidding 
for a certain job, merely on account of the greater op- 
erating efficiency in the less favored concern. This effi- 
ciency of operation manifests itself in many w'ays. An 
efficient shop has fewer lost castings, due to better quality 
of metal and more careful floor work. It has less unnec- 
essary heating of the metal for a certain heat and pro- 
duces a greater tonnage per man per month All of these 
are points directly traceable to the quality^ of supervision, 
and amount to a considerable figure at the end of a year. 
To the new shop starting on an electric furnace career, 
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one suggestion is offered. Obtain the services of the 
best man it is possible to get. A man worth ten thousand 
dollars a year will save his salary many times over, and 
will prove to be a big asset, while a cheap man will prove 
dear at any price. 

Estimated costs of metal made in certain types of 
electric furnace, often are put out by the manufacturers 
of the furnace. Such figures are made up for a set of 
special results or conditions impossible to obtain under 
the average shops operation. In the data on specific 
costs which follow, the author has attempted to pick out 
various cases differing sufficiently so that a parallel may 
be drawn for shops operating under almost any set of 
conditions. Consequently, costs covering lengthy periods 
of time have been chosen that the law of averages may 
operate and give figures of actual worth. Instances given 
have been taken from actual operating figures, and the 
many details are included as far as is possible. 

Example No. 1 

This shop is located on the Pacific coast, and is op- 
erating a 6-ton Heroult furnace on a basic hearth. The 
operations continue over the entire 24 hours, the product 
being large sized work, requiring rather low temperatures 
to pour. The two slag process is used, the scrap being 
rather high in phosphorus and sulphur. Heats are poured 
after holding under a carbide slag for approximately 45 
minutes. 

Power is obtained at a flat energy rate of 1 cent per 
kilowatt hour, with no demand, which constitutes a low 
figure. Labor was at this time rather high, first helpers 
being paid 77 cents per hour, while common labor costs 
59 cents per hour. Three men were on the furnace, one 
handling the ladles, and pouring the steel, while four 
laborers were used to charge the furnace. 

It will be observed from the following coats of ma- 
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terials that some items, due to the high freight rates, are 
abnormal. 

Electrodes cost 9 cents per pound, laid down at the furnace. 
Lime, 1.21 cents per pound. 

Fluorspar, 86 per cent, 1.59 cents, pound. 

Coke, crushed, 1.26 cents, pound. 

Ferromanganese, 9.23 cents, pound. 

Ferrosilicon, 60 per cent, 3.95 cents, pound. 

Magnesite and refractories were purchased locally at standard 


figures. 

Labor: Conversion Cost 

3 first helpers, 3 ladlemen, 3 helpers, 12 laborers, to charge $ 2.09 
Power: 

575 kilowatt hour per ton 6.75 

Repairs and renewals: 

Brick, patching, and electrodes 3.60 

Slag materials. 

Lime, 79.5 pounds per ton 0.96 

Spar, 12.1 pounds per ton 0.19 

Coke, 7.1 pounds per ton . 0.105 

Alloys: 

Ferromanganese, 9.8 pounds ton . . 0.905 

Ferrosilicon, 8.9 pounds per ton 0.355 

Sera]): 

$16.40 per net ton (d) 2.53 per rent loss 16.80 

Supervision and fixed charges 2.30 


Total per net ton of metal in the ladle $33,055 


This furnace poured on the average 5.5 heats of 7.0 

tons each in 24 hours, or approximately 1000 tons per 

month. The figures covered the six months run from 

April to September, 1921, prices being those in effect at 

that time. ^ „ 

Example No. 2 


The data in this example cover the comparative op- 
eration of a 6-ton Heroult furnace, basic lined, in opposi- 
tion to a 20-ton, open-hearth furnace, acid process. The 
figures are for a four months’ period, during 1920, and 
are those covering actual operations as observed by E. H. 
Ballard, General Electric Co., Schenectady, and reported 
by him in a paper prepared for the American Foundry- 
men’s association. The electric furnace was operated 
during the day only, two heats being poured in this time, 
approximating 310 tons of metal per month, the steel 
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Table XLV 

Per Item Electric Furnace Costs Cost per 

cent charged Price net ton 

1.00 Pig iron $51.00 G. T. $0.46 

20.13 Shop returns 18.00 G. T. ) 

1.64 Defective castings 18.00 G. T. i 3.50 

15.63 Miscellaneous scrap 21.25 G. T. 2.97 

0.49 Nickel turnings 21.60 G. T. 0.09 

68.71 Steel turnings 8.50 G. T. 4.45 

0.55 Nickel Accumulations 21.50 G. T. 0.11 

0.60 Iron borings 12.00 G. T. 0.06 

98.75 12.80 11.64 

Special metals: 

0.54 Ferrosilicon 155.00 G. T. 0.74 

0.37 Ferromanganese 225.00 G. T. 0.74 

0.09 Wash metal 71.20 G. T. 0.06 

0.07 Aluminum-Titanium 166.90 G. T. 0.12 

0.04 Nickel 0.50 lb. 0.38 

0.06 Copper 20.16 100 lbs. 0.23 

0.08 Iron ore 9.16 G. T. 0.01 

1.25 204.38 G. T. 2.28 

100.00 Total metals charged 15.59 G. T. 13.92 

Molten metal cost: 

Cost of metals 13.92 

Direct labor 2.00 

Items of expense 21.58 

(per detail below) 

100.00 Total cost of melt 27.60 

8.00 Shrinkage 

92.00 Cost of metal in ladle 40.52 

30.90 Credit — scrap produced $ 16.16 N. T. 

61.10 Good castings produced 63.06 

Summary of expense: 

Electrodes, 30 pounds per net ton 

0.08 pound 2.52 

Current, 720 kilowatt hour per ton 

1.25c kilowatt 9.05 

Oil for ladle, 0.079 gallon 0.26 

Water 0.24 

Slagging and patching: 

Sand, lime, spar, coke, carbon, 

syndolag 1.80 

Ladle repairs 1.43 

Furnace repairs 1.27 

Royalty (44.6c per net ton optput) 0.27 

Depreciation 10 per cent 1.14 

Expense — labor 1.30 

Expense — all other 3.30 

Total melting expense $ 21.58 

Heats poured 131. 

Average weight per heat, 13,918 pounds. 

Cost data cover 912 tons produced. 
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being poured into a miscellaneous assortment of work. 
The costs are given in Table XLV. 

On analyzing these costs certain items are found 
which under different conditions could be changed: The 
cost of nickel and copper from special metals may be 
omitted, giving a reduction of $0.49 per ton. The large 
loss of 8 per cent probably was due to the great propor- 
tion of borings used, and should not be charged against 
the expense covering special metals. By using the one 
slag process a reasonable saving should be effected in the 
cost of slag making materials, with probably a slightly 
lower power, electrode and i«efractory consumption. 

The figures from the open hearth operating over the 
same period are as follows: 


Moltkn Metal Cost — P er net Lon 

Cost of metals $22.70 

Direct labor 0.82 

Items of expense 9.95 

Total cost of melt $33.48 


However, the percentage of good castings from this 
process was only 56.34 per cent so that the cost of the 
steel in the castings amounted to $49.24 per net ton, or 
only $3.82 per net ton less than that from the electric 
furnace. 

Considering the extra quality from the electric fur- 
nace, and the fact that this shop is located close to the 
heart of the pig iron country, these figures are favorable 
for the cost of the metal from the electric furnace. The 
difference easily could be changed the other way by a 
shop further removed from the source of its pig iron, the 
freight charges rising as the distance increased. 

Comparison of Acid and Basic Cost 
The cost data in Table XLVI covers the operation of 
a three-ton furnace made by the Pittsburgh Electric Fur- 
nace Corp., Pittsburgh, operating on the acid hearth, mak- 
ing small sized steel castings. The figures given cover 
the operation for the month of October 1920. The con- 
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ditions cover the production of approximately 600 tons 
of steel, and the furnace averages about 714 , three-ton 
heats per day of 12 hours. 

Further figures from the same shop covering the 
cost per ton over a six months run are as follows: 


Metals $19.77 

Electrodes 1.53 

Power 10.36 

Miscellaneous 0.25 

Labor 3.35 

Repairs 1.27 

Table XLVI $36.53 

Cost of Electrically Melted Sjeel Produced on Acid Hearth 
Material charged Pounds Price per ton Total cost 

Clippings 234,301 $28.23 $ 2,952.66 

Heavy drop forge 167,247 28.95 2,161.50 

Turnings 207,897 18.00 1,673.57 

Shop scrap 561,796 25.06 6,284.81 

Spiegel 40 per cent 24,324 67.50 732.88 

Silicon 50 per cent 5,495 85.00 208.48 

Iron ore 2,760 9.11 11.22 

Aluminum 60 0.338 lb. 20.28 


Total 1,203,880 $14,045.40 

Average per net ton $24.55 

Cost per ton of metal in ladle 

Metals $24.55 

Electrodes 0.77 

Power 12.03 

Miscellaneous 0.34 

Labor 2 40 

Repairs 0.75 


From The Foundry of April 15, 1921. $40.84 

Another acid furnace shop operating near Pittsburgh 
on a three-ton unit of the same type shows a melt cost 
over several months operation of $35.20 per ton of metal 
in the ladle. This figure was» taken from the operation 
during a 16-hour period, making small to medium size 
castings mainly for railroad use. 

Costs In Southern Shop 

The data in Table XL VII covers the operation of a 
three-ton furnace from January 1923 to December 1921. 
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This furnace made small to medium size castings, prin- 
cipally for railroad car construction. The average num- 
ber of gates poured per heat was 45, so that it may be 
seen that the metal was heated to a rather high tempera- 
ture. The practice was of high degree as the losses were 
kept to a minimum. 

The costs have been segregated according to the ton- 
nages melted for the various months. The average cost 
was close to that shown under 300 tons. 

The general overhead, including all fixed charges and 

Table XLVII 

Cost Per Ton Decreases With Increase of Metal Melted 


Metal charged 

Item 200 tons 300 tons 400 tons . 

Labor $ 2.18 $ 1.73 $ 1.52 

Power 15.00 11.50 10.25 

Electrodes 1.20 1.02 0.84 

Refractories 0.60 0.45 0.30 

Tools, water 0.25 0.20 0.15 

Ladle.s 0.25 0.25 0.26 

Alloys 1.23 1.23 1.23 

Miscellaneou.s 1.00 0.80 0.60 

Metal 18.90 18.90 18.90 

Total $40.61 $36.08 $34.04 


Note the drop in the costs of conversion as the ton- 
nage increases, from $20.48 for 200 tons; to $16.16 for 300 
tons; and to $13.31 for 400 tons. 

supervision, ran from $30.80 a ton of finished castings 
on the basis of 200 tons charged, down to $20.25 for 300 
tons, and $15.40 for 400 tons. The return in cleaned 
castings was slightly over 65 per cent of the metal 
charged. When all these figures are totaled on the basis 
of finished work, the difference of tonnage is much more 
apparent. The costs for the steel in the completed cast- 
ing are $87.60 per ton for 200 tons; $70.15 for 300 tons; 
and $62.10 for 400 tons. 

Costs of Electric Furnace Iron 
The following cost data cover the results obtained by 



348 


Refining Metals Electrically 


the author on the manufacture of synthetic pig iron. The 
figures are those obtained on the Pacific coast during 
1921. A six-ton acid lined furnace was used, and poured 
45 tons per daily run. The figures follow: 


Per net ton 

Labor $ 0.666 

Power 525 kilowatt @ le 5.250 

Electrodes 20 pounds 1.600 

Repairs 0.500 

Recarbonizer 0.300 

Alloys: Manganese 0.50% 

Silicon 2.00% 4.000 

Scrap: Borings at $5.00 per ton, 3'/r loss 5.150 

$17.7160 

Miscellaneous at 10% .... 1.7716 

Total $19.4876 


The pig iron made was standard foundry iron to be 
Table XI. VIII 

Cost of Synthetic Pig Iron Produced on the Basic TIeartti 


Item Cost per day Cost per net ton 

Labor: 

3 melters (® 85c $20.40 

3 first helpers @ 81c 19.44 

3 helpers @ 67c 16.08 

3 cranemen @ 81c 19 14 

3 ladlemen @ 77c 18.18 

3 doormen 67c 16.08 

6 laborers @ 62c 29.76 

$139.38 $ 3.871 

Power: 

18,000 kilowatt hours ^ Ic . .. $180,00 $ 5.000 

Repairs and renewals: 

Brick, electrodes, patching $121.20 $ 3.370 

Alloys: 

Manganese @ 1.00 per cent 48.60 

Silicon (d) 2.00 per cent 115.20 

Carbon (a) 3.00 per cent 12.00 

$175.80 $ 4.883 

Mi.scellaneous: 

Lime, sand, spar $ 18.00 $ 0.500 

Scrap metal: 

Mixed borings @ $3.50 $126.00 $ 3.500 

Fixed charges: $ 58.00 $ 1.610 

Total cost $818.00 $22,734 
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used for castings requiring little machining, or none at 
all. 

Basic Synthetic Iron 

Actual costs taken from the operation of a six-ton 
basic furnace making special pig iron from steel scrap are 
given in Table XLVIII. The iron was intended for use 


Table XLIX 

Operating Costs of a 3-Ton Furnace 
Item Cost per day Cost per t 

Furnace Labor: 

3 melters @ .$(5.00 

3 helpers @ $4.00 $30.00 $ LOO 

Floor labor: 

3 cranemen (5) $5.00 

3 helpers @ $3.20 $24.00 S 0.82 

Supervision @ $10,000 pei year $ 1.11 

Total labor cost $ 2 1)3 

Power: 600 kilowatt hours @ Ic $ G.OO 

Electrodes: 20 pounds @ 8c .$ 1.60 

Repairs $ 0.50 

Alloys: Manffanese (jib 1.00 per cent 

Silicon @ 2.00 per cent 

Carbon @ 3,00 per cent $ 4.87 

Ijadles and mi.scellancous: $ 0.25 

Conversion cost $16.15 

Scrap: covering losses, etc . $10.00 

Depreciation, etc $ 0.83 

Tlrokerage on selling: (Optional) $ 1.00 

Total manufacturing cost $27 1)8 

Emergency: 10 per cent of cost. ... $ 2.70 

Absolute maximum co.st $30.77 


in a cupola making medium hard castings The output 
was 36 tons per day. 

In these particular costs the labor is far too high, 
and the cost of metal is exceedingly low. Considering 
these items and such points as loss in melting, handling 
and floor materials, the cost would probably be closer to 
S20 per net ton. As pig iron at this particular time cost 
$45 per net ton there was quite a saving made by this 
operation. 
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Table L 

Cost of Electrically Melted Gray Iron Produced From Scrap 

Iron 

Item Cost per ton 

No. 1 scrap 8% loss @ $45.00 ton $48.60 

Limestone 50 pounds per ton @ $4.00 0.10 

Fluorspar 6 pounds per ton @ $25.00 0.075 

Carburizer: Coke, coal, ground electrodes 0.60 

Ferromanganese 8 pounds per ton 5c pound 0.40 

Ferrosilicon 60 pounds per ton 5c pound 3.00 

Power, cold melt 450 kilowatt hour IV^c 6.75 

Electrodes 15 pounds graphite per ton 3.45 

Linings: 

Walls 0.30 

Hearth 0.20 

Roof 0.30 

Lining repairs : 

Banking repairs 0.35 

Roof patching 0.15 

Spout and slag doors 0.20 

Ladle lining 0.20 

Ladle drying 0.30 

Furnace tools 0.25 

Labor: 

Metallurgist and superintendent 30% of time 

at $500 a month 0.833 

Head melter, two at $8.00 per day 0.60 

Helper, four at $4.50 per day 0.90 

Furnace floor labor, two at 40c hour 0.32 

Ladle pit labor, two at 40c hour 0.32 

Ladle liner, two at 50c hour for 8 hours 0.40 

Scrapyard labor, two at 40c for 8 hours 0.32 

Shop labor 0.25 

Chemist and laboratory supplies $200 and $50 per 

month 0.416 

Unproductive payroll 0.10 

Depreciation furnace equipment at 10% 0.582 

Amortize furnace investment in 10 years 0.582 

Interest at 7 per cent a year 0.408 

Insurance 0.09 


Total Per Net Ton $71.35 

Based upon 500 tons monthly. 

In Table XLIX, the figures for the cost are taken 
from a shop that produced synthetic iron at a rate of 30 
tons per day. 

Costs using 3-ton furnace made by the Ludlum Elec- 
tric Furnace Corp., Watervliet, N. Y., for making iron for 
machined castings are as follows: 
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Item Coat per ton 

Power: 575 kilowatt hour (3) 2c $11.50 

Electrodes: 10 pounds @ 25c 2.50 

Ferrosilicon: 30 pounds @ 4c 1.20 

Coke: Refuse from cupola size 0.75 

Slag materials: lime, sand, spar and carbon du.st 0.50 

Cooling water and tools: 0.15 

Refractories: 1.00 

Labor: Melter @ $9.00 day 

Laborers (S) $3.12 2.50 

Yard labor and charging: 0.50 

Direct supervision: 50% of labor 1.50 

Fixed charges: 2.52 


$24.62 

This cost per ton is the total less the cost of metal, 
which figuring cast iron scrap at $18 with a 5 per cent 
loss, would bring the total cost up to $43.52 with an ac- 
tual cost of conversion of $14.25 per ton. These figures 
were obtained on the basic furnaces operating three heats 
or nine tons per day, the product being a high grade, low 
sulphur iron, capable of being used for any purpose. 

R. C. Gosrow gave figures in Table L. They are 
taken from The Foundry of March 15, 1921, and relate 
to the cost of synthetic gray iron. 

In the same article the cost of producing the same 
grade of iron from steel by building up the carbon and 
silicon is given. The outstanding feature is the difference 
in costs of the metals charged. The cost of steel being 
less than half of that for scrap iron. These figures are 
as follows: 

Cost of Electrically Melted Gray Iron Produced From Steel 


Steol turnings 
Shear scrap 

Forge flashings Cost per 

Stamping scrap net ton 

averaging $19.00 @ 10% loss $20.90 

Fluxes, etc 0.20 

Carburizer (gas carbon) ^ 0.70 

Spiegel 45 pounds at 1.75c pound 0.70 

Ferrosilicon 85 pounds ton 3.80 

Power 450 kilowatt hours at l^c 6.75 

Electrodes 15 pounds graphite 3.46 
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Linings 0.40 

Lining repairs 0.40 

Ladle repairs 0.20 

Ladle heating 0.25 

Furnace tools 0.25 

Labor, chargeable to furnace and production 3.85 

PMxed charge 1.00 


5 ^ 42.85 

From the foregoing data on actual costs some iden 
may be obtained of the differences due to varying condi- 
tions, and while they can be of no direct value, the figures 
given may be changed to accord with present day costs 
and location, that some value may accrue from their 
presentation. 
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Table 1 

Log of Bottom Burning Basic Lining 

Six-Ton Heroult Furnace 

Furnace bricked up with flat bottom, two courses of clay and two 

courses of magnesite brick Dead corners rammed in with a mixture of lour 

parts of magnesite to one of basic open-hearth slag, using tar as binder This 

mixture rammed up along walls as high as possible to tend to prevent spalling 
of the magnesite brick during heating up Klectrodes set "star" with ' joint 
heavily sealed with electrode chips and compound Set up placed on seven and a 
half inches of magnesite brick, well cemented into place 

Furnace heated up to a good hot temperature by means of two oil torches 
inserted through the charging doors. 

The electrodes were removed from furnace and complete hearth examined 
A bar run against hearth showed it to be hard. The bottom was 12 inches deep 
in the center The total elapsed time the current was on was 19 hours Delays 
outside of shut down consumed 1 hour The power consumption w-as lO.HOO kilowatt 
hours 

This hearth went over 2000 heats before being removed to change furnace 

over to acid operation On removal perfect burning was shown to have been 
accomplished clear through to the brick. 

FIRST DAY 

4 :30 p. m 

Current on at 2000 amperes, drawing a load of approximately fiOO kilow'atts Arc 
irregular but holding well 

r» 30 

Current raised to 3000 amperes drawing a load of 700 kilowatts. Slight amount 
of spalling especially in front of door openings Raked these pieces of brick 
out with fettling spoon. 

6 :30 

Current raised to 4000 amperes. 900 kilowatts Furnace slowly heating up. Spalling 
’ ceased. 

7:30 

Center plug slipped breaking contact. Set two loose electrode screws along side 
joint giving new connection. Furnace at a fair red heat. Tar burning out of 
rammed corners. Steem still coming from bottom vent holes. 

8 -ori 

Current on at 900 kilowatts. When electrodes were lowered one was allowed 
to strike setup breaking electrodes apart, but due to good luck it slipped back into 
place when pressure was removed. 

9- 45 

First addition of refractory material made consisting of a mixture of magnesite 
four and ground slag one part. Four shovelfuls carefully scattered over entire 
hearth. Current raised to 1200 kilowatts to overcome cooling caused by this addi- 
tion. 

10 - 10 

Silica brick running slightly, but not enough to cause any danger. Tests taken 
from four quarters of hearth all show good sintering. Another quantity of the 
same four to one mixture added, about 100 pounds, throwp around the hearth 
edge 

From this time up to 1:00 a. m. additions were made at intervals of approximately 
30 minutes Tests were taken before each addition from in front of each of the 
three doors, between each door, and from behind the center electrode, making 
SIX tests on each trial. Constant adjustment of the mixture was required to give 
proper sintering conditions, using either more slag or magnemte to balance. The 
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oetup by this time had become badly burned at the joint and was arcing with 
sufficient strenRth to form a molten area about a foot in diameter in the center 
of the hearth, and about 2 inches in depth. The arc was of such violence that 
the carbon was rapidly redurinsr the mairnesite with which it was in contact, 
and the gas was so stronir that nothing could be seen when the doors were opened 


SECOND DAY 

1 ;00 a. m. 

Shut ofT current and removed electrode stubs from furnace As soon as furnace 
had cooled sufficiently for a man to enter it was carefully examined In the 
center where the carbon had fallen into the matfnosite there was a bad patch 
where the inaKnesite had been reduced. This was dup out for a depth of about 

I inch Aloiip the walls the silica brick had run sliphtly rcuiiirinp a small amount 
of ehippinp to clear this accretion. Remainder of hearth was in excellent con- 
dition hemp extremely well burned and hard. 

Another similar setup made, placed on five and one-half inches of mapnesite 
brick 

fi.lO p m 

Current apain on ai COO kilowatts. 

(i .10 

Cm rent increased to GOO kilowatts. Furnace wnrminp sliphtly with no evidence 
of spall inp. 

7.10 

Raised to 750 kilowatts 
H;10 

liiereiised to 900 Kilowatts Furnace becomiiip hot. but a tost did not show any evi- 
dence of sinteriiip 
8 30 

'J'est shows evidence of pastiness from the six test positions Three scoops of a 
mixture of mapncsute six and slap one thrown in directly behind the center elec- 
trode where a hot bp<»t was developinp, due to arc llarinp apainst wall. Walls 
plisteninp sliphtly, but no sipns of runnine. 

8 ;35 

Due to carlesaness of helper electrode was allowed to strike setup while lowormp, 
cniisinp setup to break apart, liars were put into furnace and the setup was pried 
back into its repuJur po.sition A mapnesite bruk was placed nlonpside of each elec- 
trode to bold it in position and prevent any further tendency to roll out ol place. 
9:00 

Ciirient on apain, new setup workinp fine and holdmp current with no sipns of 
arc at joint Current runninp at 900 kilow'alts. 

9:40 

Current cut to 700 kilowatts. Additions of the six to one mixture apain slarted, 
hemp made approximatelv every 30 minutes. Test shnwinp perfect sinterinp, 
nlLbouph constant adjustment is required 
10.30 

Current cut to GOO kilowatts Walls bepiiininp to assume bowl shape Spout 
bepinninp to form nicely 

II -40 

Current apain cut to 500 kilow'utts to prevent walls runninp From this point 
on the mixture was cut down to about 10 of mapnesite to one of slap and 
moistened Spoon used on all additions and mixture placed up ulonp walls to 
form bowl Center of hearth is now of sufficient depth Spout shapinp out as 
far us tappinp door. All additions naw bcinp made without shuttinp off the 
current 

THIRD DAY 

3 '00 a. m 

Final addition made alonp walls, complete hearth beinp piven a lipht dustinp of 

slap- 

3:40 

Complete hearth appears molten due to the slap runninp. Shape perfect. Spout 
finished Current shut off and furnace allowed to free itself of paseous vapor. 
Electrodes pulled up on walls and slipht depressions under each filled with a six 
to one mixture well, rabbled in, to ptve hearth final rounded shape. 
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Table 2 

Log of Bottom Burning Basic Lining 

Three- Ton Heroult Furnace 

Electrodes were arranged on bottom brick in the form of a star, elevated on 
5 inches of maKnesite brick. A plug was set on top of three stubs and carefully 
cemented in place with electrode compound. 


FIRST DAY 

8:00 a. m 

Current on low voltage side of transformer drawing approximately 1000 amperes 
at 00 volts. Bottom of furnace dustixl slightly with powdered open-hearth slag. 
Current gradually raised at intervals until a load of .3000 amperes was being 
taken. Heating continued until 2:00 p. m. when furnace was hot and slag had 
been running freely for about 15 minutes. 

2:00 

Doors opc'ned and electrodes raised and about 6 shovels of straight magnesite 
thrown in center of furnace and around electrodes, mainly to cool them a little. 

2:30 

After this first addition had sintered into place another light touch was given 
around the rim of bottom especially where the arc was striking freely. 

3:15 

About 200 pounds of magnesite again added being distributed in a uniform manner 
over the hearth 

4 :00 

Perfect sintering being obtained up to this point. Furnace shut down until next 
morning. About 3200 kilowatt hours had been consumed up to this time. All 
door and electrode openings carefully luted with clay to retain as much heat as 
possible. 

SECOND DAY 

8 :00 a. m. 

Temperature of furnace still a fair red, probably about 1400 degrees. Current on 
low voltage at 3000 amperes. Furnace rapidly heating under arc. 

9:00 

Center of furnace under arc getting rather hot. Two shovels of magnesite thrown 
m around stub to cool off hot spots. 

9:15 

Four full scoops of magnesite spread over entire hearth. Furnace extremely hot 
and sintering proceeding nicely. 

10 00 

Voltage changed over to high side — 120 to 130 volts, amperes cut to 2000 
11:00 

Chargeil four full scoops of a mixture of magnesite two and slag one pari jiroiiinl 
banks of furnace. Sintering proceeding well 
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Table 3 


Log op Bottom Burning Basic Lining 


Thret-Ton Pitlsburgh Furnace 


Due to the rounded ahupe of the hearth of this furnace, the bricking np of 
the hearth was simple Two courses of Are brick were laid next to the shell, 
followed by maK-nesite brick two hifrh. The side walls in this furnace were laid 
completely to the roof with a metal encased magnesite brick The hearth was 
stepped up BO that all that was required was to burn in a layer of hearth approxi- 
mately seven inches thick in the center and tapennfr off to ahoiil three inches up 
aloriK the banks 

The setup was lui<l in the form of a T so arraiifted that the bottom of the T 
was parallel with the door openinKS, Klectrodcs were sc't on inches ol 

mnKnesite brick 

FIRST DAY 

7 :00 p m 

Current on low voltaKe sule of transformer drawing about HO volts, with nmt»ere.s 
cut down as low as possible Preliminary to turning on power, furnace had been 
thoroughly dried and heated with two oil torches. Due to high voltage, arc was 
irregular for the first 15 or 20 minutes until a red spot h.id been heated on the 
setup under each electrode This beating continued with a gradual increase of the 
amperes up to 4000 

11:00 

Furnace smoking hot. walls beginning to dtip slightly I.ighl touch of magnesite 
around bunks with a small amount of and open hearth slag in the renter of 
the furnace. 


12 :00 

First large addition of magne&ite mixed W'lth acid blag in the proportion of approxi- 
mately 20 to 1 the slag being powdered and the magnesite wheat si/e 


d 


SECOND DAY 


From thiB point on additions were made about every half hour, depending on the 
iharaoter of the tests as taken by a small chisel spoon. Great care had 1o be 
exercised regarding the acid slag, only enough slag being used to aid in holding 
the magnesite This required constant adjustment. 

4 :00 a in. 

From this time on aP material moistened and placed in position with a spoon 
Some trouble was experienced in obtaining a good shape behind the heuil ot the T. 
but this was accomplished bv taking plenty of time and dropping the mixture 
high up on the wall from which position it naturally dropped into its proper 
pubitiun. 

H -30 

Hearth finished and furnace ready for steel. 
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Table 4 

Log of Bottom Burning Acid Lining 

Six-Ton IlcroulL Fiirnaci* 

Hearth was stepped up iihidr: tlie beat Krade of bilicn brick obtninnhie The 
electrodes were set in a V with apex tinder the center elt'ctrode of furnuce. 
raised up 6 inches above bottom by placing on silica brick two hijjh Brick cement- 
ed into place vvith a mixture ol sand and sodium silicate, some sodium silicate 
beinK also used to cement the electrodes to the brick. Furnace Ihorouuhly dried 
out with oil torches and heated up to a low red 

2 :00 p ni. 

Current on low vollape .side of transformer drnwintj 2000 amperi*-. at 100 volls 
3-00 

Current raised to 4000 amperes As a slifrid ninninjr of the walls or roof is irii- 
rnatenal in an acid furnace it is allowuible to heat up much faster than on Imsii 
pniclice. With no maKiiesite brick in the furnace there is small likelihood ol 
spall 111 {; occurrirm in any ttr«-at amount 

1 :00 

Fill mice UT) to a pood red heat, ('iiricnl off for about Ti miiiules while ii few 
brick stulis trorii loot weie raked out ol funiate with a spoon 

T) 00 

Furnace smoKinu and roof bepiniiinp to drip Current eiit to SOOO amperes ami 
first addition of jialthinp made This eonsibled of two imrls one of about 200 
pounds of clear sand 1 brown hiph on the banks to iieiitnili/e any driTipiiips Irom 
the side walls The second consisted of 10 of -lund to 1 of lire cla> spread over 
the entire health 

() .00 

About 1 inch of 10 to 1 niixlure spread over entire hearth, and placed as hipli 
on the banks ns was jiossible 

Kxaminnl on of furnace while euirenl was off showed slight ryrning of the roof 
and rathei heavy runninu of walls oppositi* IIm* arc's Several shovels of straight 
s.iiul thrown ovei each of these spots 

7-00 

Current bciiiy held from 2000 to 3000 amperes Testa taken show fair sintering 
111 Spots, unhiirnt’d areas in others Where samI had not sintered, added a richer 
mixture consisting ot H sand to 1 of clay, dusted on lightly Hurning exeellent 
in hearth projici and on areas in vicinity of arcs Worst unburned areas were 
in trout of iloors and pouring spout 

7,30 

Tests taken and more sand added where needed Burning progressing nicely 
D<*pth of burned sand in hearth about 2 inches as shown bv test roil, and walls 
a'^hiirning rouiiiled shape Corners of bucks stil] showing slightly on slopt»ed up 
banks 
'i ir. 

Another heavv' addition of 10 to 1 made all over hearth and walls. H to I being 
used in front of doors and to shape pouring spout. Bar shoved into hearth 
shows pasty foi about )| inch with a hard under surface 

H 30 

Further pntehing made, hut mixture changed to 14 to 1 and current raised to 
4000 amperes. 

Tapping spout built up from front of furnace using a Jong handled shovel, sand 
heini* moistened with n solution of .sodium silicate in water, about half and half. 

» :iri 

Final additions made with sphon. principally along the banks, sand being well 
soaked with water. / 

0:45 

Final tests taken from all points of hearth show fine sintering Light dusting of 
pure sand, probably inch tliick made with spoon Current raised to GOOO am- 
peres allowing furnace to drip 
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10:30 

Curr(‘nt off, eiectrodes knocked out of hearth and holes filled with 10 to 1 mix* 
tore well rabbled in. Electrodes lowered and doors closed and furnace allowed 
to soak. 

12:00 

Stubs removed from furnace and ready for steel. Hearth in center 6 inches deep, 
tuperiTiK to a 2-inch thickness near top of banks. 

Due to a shortaBe of acid scrap occurrinR this hearth was taken out after 
several hundred heats Upon examination a perfect burnmsr in was shown, the 
burned in sand beinR in one hard, monolithic layer firmly welded into the bricks, 
and requirintr sledRe hammers to break it out 
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Table 5 

Log of Bottom Burning Acid Lining 

Six-Ton Heroult 

Due to a mistake this hearth was built with straiKht sides instead of bcinir 
stepped off, and serves as an excellent romparison with the preceding log. The 
bottom setup was raised 5 inches and cemented into place, but a star arrancre- 
ment was lised. Before burning was started the dead corners were rammed in 
with sand mixed with glutriii, .so that the depth from the corner to the surface 
was probably 10 inches, this being as an aid in forming the curve. 

Furnace brick work was drietl out with three gas flames inserted through each 
door for about 8 hours h'lirnace was a fair red when current was first thrown 
on. 


FIRST DAY 

8:00 a. m. 

Current on at 2000 nmperea and 100 \olts. 

9 :00 

Raified to 3000 nmi)ore.s, few pieces of brick being taken from furnace. 

10:00 

]''urrmee beginning to smoke 
11:00 

h'lrst addition, straight sand being thrown around center setup, about 1 inch in 
depth. 

12:00 

Addition made of 12 of sand to 1 of clay over entire furnace. Additions made 
about every 4.1 minutes with conBlant tests. Progressing nicely until 6:00 p. ni. 

(5 :00 p. m 

Stub connecting three electrodes slipped breaking contact and causing arc to dig 
into hearth Slid buck into place, and two electrode nipples placed along each 
side of pile of sand This helped to strengthen setup whieh held well when cur- 
rent was again turned on Several shovels of sand thrown in where the arc 
had struck 

7 00 

(’urrent again on Furnace had cooled down considerably so amperes were raised 
to 5000 

8 00 

Current cut back to 3000 and another addition made. 

SECOND DAY 

Additions made at intervals until 2:00 a m 
2 -00 a in 

Current off, electrodes raked out. and furnace ready for steel. 

This hearth was placed in operation in 1920, and is still in use over 12,000 
tons of casting steel having been made with no trouble whatsoever. 
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Table 6 

Log op Bottom Burning Acid Lining 

Three Ton 'Lectromelt Furnace 

Two courses of clay brick were laid next to the sheJ], beinsr niudded into 
pl^e between the hearth connections, which were sheet iron strips set at regular 
inllirvals over the bottom. After the clay brick had set these strips were flattened 
down and two coats of thin clay slurry swept over to fill the cracks between, 
and bond the brick together. 

In making the mixture for this hearth, a patented refractory cement was 
used exrlusively. Although the cost of this mixture was rather high the fur- 
nace was installed to operate under severe conditions, and it was thought that 
the best possible hearth construction would be the cheapest in the end. This 
hearth was in steady operation for over a year with absolutely no trouble from 
the bottom. 

As the furnace was placed in operation before the sand mill had been installed. 
It was necessary to mix all refractories by hand Three wheelbarrows of the 
bilica sand were mixed at a time, the high temperature cement being made into 
a thin slurry, and mixed with the sand until a handful squeezed would Just 
bond itself, similar to a properly prepared molding sand As soon as one batch 
of this sand was prepared, a section of the hearth along one side was painted 
with the cement slurry, and the sand immediately shoveled in over this spot 
An air rammer was used to ram in the refractory, the hearth being rammed as 
hard as possible. This operation was continued until the entire hearth had received 
a layer approximately 1 inch thick 

The bottom gradually was built up in this manner until about IB inches 
thick in the center, leaving a hearth of approximately 5 tons capacity. After 
ramming was completed the bottom was as hard as the silica brick wall. A 
mixture of sand and sodium silicate then was made, the furnace tilted over as 
far as possible, and this mixture laid up along the side walls to the roof, both 
on the front and back walls. All rammed materials then were given a coat of 
sodium silicate and allowed to stand for about half an hour 

After the roof was set and cemented in place, a small wood fire was started 
in the center of the hearth. The; was lighted about 1 ’00 p m . and allowed 
to burn slowly for two hours. 


FIRST DAY 

3 :00 p m. 

Fire slightly increased, several large pieces of heavy timber being added. Roof 
and walls rapidly drying out and heavy stream of steam ibsuing from around 
doors and roof. 

4:00 

Steam gradually dying down and a good beil of coala building up over hearth. 
Fire kept going steadily until a roaring flame was produced. 

5:00 

Side shell of furnace getting warm, especially around roof ring. Roof gradually 
taking up expansion and becoming hot. This fire kept goifig steadily until K:00 
when about two inches of coke was spread evenly over the hearth, and the doors 
opened slightly to allow an entrance of air into the furnace sufficient to support 
combustion When this had become ignited thoroughly another light layer was 
added. This was continued until the bottom shell of the furnace was so hot the 
hand could not be held against it. In about another hour the entire shell was in 
this high temperature condition. 


SECOND DAY 

6 :00 a. m. 

Electrodes lowered and arc struck. Low voltage side of transformer used, anil 
gradually raised to 4000 amperes ns soon as furnace would take the load. 

7:00 

Bed of coke white hot, and edges of door jambs slightly glistening. 

8:00 

Jambs beginning to run. Current shut off and furnace allowed to soak until 
8:80 when current was again turned on. 
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V :uu 

Shut down for 16 minutes, then on for 15 minutes. This operation continuoii 
until 10 :00 when power was finally turned off and hearth was ready for steel. 

Electrodes were raised and hearth cleaned out with hoes and rahble burs 
when the furnace was immediately charged for the first heat. The actual nmoiiiit 
of power used m the burning operaiion was 1000 kilowatt hours. 
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Table 7 

Log of Bottom Burning Acid Lining 

Two Ton Greene Furnace 

One layer of clay brick was laid on the flat over the bottom shell, and the 
walls bricked up. The hearth was built of a good srade silica sand mixed with 
fflutrin as a binder, the bricks being well painted with the cement before the 
sand was rammed. 

The hearth was built to a depth of 10 inches in the center, and extended 
up the front wall to the roof. The rammed material was placed about half 

way up the back wall. A small wood Are was started and gradually increased over 
10 hours until the furnace shell was hot, when coke was shoveled in. sulTicient 
being added to form a layer about 6 inches deep. 

In about half an hour, this coke was incandescent and the arc was struck. 

In two hours the furnace was extremely hot, when the current was shut off 

and the furnace allowed to soak for half an hour. The power again was 
turned on and the furnace allowed to run fur IS minutes, then shut down for 10 
minutes, and this procedure was repeated. After the current had been on fox' 6 
hours, the furnace was ready for steel. This hearth gave fair service, but later 
was found subject to slight chipping. 

A similar hearth was made using sodium silicate as a binder. Excellent 

results were obtained as long ns the furnace could be kept on a moderate pro- 
duction basis, operating at least three heats a day or better, sufficient always to 
keep the hearth fairly hut. However, as soon as the hearth was allowed to get 
dead cold, trouble started. The hearth on cooling would tend to crack badly, 
and later crumble along this line of severance, requiring patching after each 
shut down, causing much unnecessary labor and delay. 

The hearth was removed and one made of a prepared refractory cement and 
sand used which gave excellent results under any conditions, the cement having 
the ability to bond strong enough to prohibil any possible crumbling or flaking 
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Table B 

Heat Log of Carbon Steel Made by Two Slag Basic Process 

Railroad wrought scrap comprised the areater portion of the 18,000 poond 
charge. A total of 8000 pounds of railroad wrought was charged with 8000 
pounds of punchings. 

The large amount of phosphorus in the wrought iron brought the approximate 
phosphorus in the charge to 0.100, and ns the allowable limit ffiT the product was 
0.000 per cent, the required amount to be lowered was slightly over 0.040, there 
being a slight pick up from the ferromanganese. 

The desired specification was: 

Per cent 


Carbon 0.24 to 0.82 

Manganese 0.66 to 0.76 

Silicon 0.24 to 0.82 

PhoB. and sulphur, under O.060 


The metal was poured into steel eastings for locomotive work, the eastings 
requiring a large amount of linishing. 

2:10 p. m. 

Current on. and drawing as full a load as possible. 

2:86 

Electrodes digging rather deep. Raised and the holes filled with a small amount 
of the chage left out of the furnace for this purpose. Beneath this cold scrap 
was thrown approximately 200 pounds of burned lime. 

8:20 

Good pool formed in furnace, and a steady load obtained. 

4:10 

Metal practically all melted, loose pieces poked into bath. About 100 pounds more 
lime added. The bath is bubbling easily and quite steady. Test slag taken 
shows a good black in color, and with the desired lava like structure. 

4:40 

First metal test taken. Shows a dead melt. Carbon judged at 0.120 per cent. 
Slag of a good color, but slightly thin. 50 pounds additional lime added, and 
well rabbled into the slag. Given lO pounds of lump ferrosilicon to quiet the 
metal. 

Furnace tilted slightly and the sing worked toward the spout. Current off and 
slag pulled from furnace as quickly us possible. 

Current again on. Ferromonganese figured at 0.60 per cent added. One-half of 
second slag added from both side doors. This slog made up of burned lime, B50 
pounds : gravel spar, 75 puiiiulB ; and coke dust 30 pounds, being well mixed on 
the furnace platform. In 10 minuU's the slag was given a good dusting of 
ground coke, and the remainder of this finishing slag added. 

5 :20 

Slag test taken shows a darkish brown, turning to a lighter color m spots. Metal test 
taken and sent to chemist for iiinngnnese and carbon. Doors tightly sealed and 
furnace allowed to run under a steady load. 

5:30 

Slag test showing a darkish gray in color. About 25 pounds of finely ground 
fluorspar was dusted over the slag, with approximately 10 pounds of small sised 
ferrosilicon. Another dusting of coke and furnace again sealed. The reducing 
flames are now heavy and luminaim. The bath in under perfect reducing con- 
ditions. 

Chemist reports manganese 0.48, carbon 0.19 per cent. , 

6:40 

Slag showing signs of carbide; powdering in air with a light acetylene odor. 
Ferromanganese added at 0.10 per cent. Slag foaming slightly under the elec- 
trodes. 
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6:50 

Slasr a perfect carbide, powderinK to a dark sray. Metal test taken still shows 
slightly wild. Silicon added at 0.06 per cent, with another light dusting of coke. 
Sample sent to laboratory for final analysis. Metal given a light rabbling and 
the doors aggin closed tightly. 

6:05 

Chemist reports carbon, 0.26 and manganese, 0.68 per cent. Final addition of 
ferrosilicon figured at 0 30 per cent added and the bath well rabbled. 

6:15 

Final metal test shows perfectly sound. Ladle called for and metal poured. 


Slag after being poured from ladle was cooled m the pit with water and 
gave off the familiar acetylene odor Slag analyzed 3 56 per cent calcium carbide 
Final metal analysis . 

Per cent 


Carbon 

Manganese 

Silicon 

Phosphorus 

Sulphur 


0.28 

0.71 

0.30 

0.058 

0.081 


Total time for heat 4 hours. 10 minutes Castings poured perfectly, the 
metal lying quiet in the molds, and finally shrinking deep in the gates and 
risers. The metal on machining was easy to cut, and reasonably tough, showing 
practically no flaws, outside of several small sand spots A skim gate was used 
on the furnace, and the metal was poured from a bottom pour ladle, using a two 
inch nozzle. 
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Table 9 

Heat Log of Carbon Steel Melt, One Slag Basic Process 

The charse which was made up of 7000 pounds of rail butts and 6500 pounds 
of bonnes analyzed approx im^ately carbon, 0 46. maneancac, 0.66 and phcMiphorua 
and sulphur under 0 045 per cent. 

The specification called for carbon. 0.38 to 0.45 per cent with maneaneac 
0.86 to 0 96, phosphorus and sulphur less than 0 060 per cent, and ail icon 0.50 
to 0.60 per cent. The heat was intended for several Jaree bull eeara, these 
items takine the entire heat. 

12:46 a. m. 

Current on. 

2:00 

Furnace under steady loud, after having to slip all three electrodes as they duK 
MO low the arms touched the roof irlatids 

2:10 

Added about 50 pounds of burned lime 
3 :00 

Added 26 pounds of crushed coke to stop the oxidizini; action Metal ti*at taken 
Hhowed clone to 0 36 per cent carbon Metal cold alan thin and black Allowed 
to heat up 

3:20 

Tests showed the same conditions as before except the metal was hotter, and the 
sluK had turned to a dark brown Slasr mixture totalinc 260 pounds of lime 

and spar added Dusted lightly with coke Took a teat for the chemist. 

3 :35 

Test came back carbon 0 37 per cent, manfranese 0 69 Added a lijrht touch of 
coke and about 16 pounds of crushed ferrosilicon, and rabbled the slair well 
3-60 

Slai; asHuminvr carbide conditioab. but a little thin Added 30 pounds of lime, 

rabblini? in well, and 10 pounds of ferrosilicon Metal jrettinK hotter 

4 :00 

Slag perfect Metal fracture appears to have picked up about 0.05 per cent car- 
bon. Manfranese fiRured at 0.3O per cent added, toprether with 0 10 per cent 

silicon. 

4 :10 

Metal test solid. Slag perfect, and foaminpr heavily over entire furnace Silicon 
(iKurod at 0.50 per cent added. 

4 :30 

Heat poured. 

The final metal analyzed carbon. 0 44. manKunese, 0 91 silicon, 0 57, sulphur, 
0 039, phosphorus, 0 047 per cent. The time of heat 3 hours, 45 minutes 
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Table 10 

Heat Log op Carbon Steel Melt Under a White Slag 

The charse of 18,926 pounds of low carbon scrap probably analyzing close to 
0.20 per cent carbon, 0.46 per cent mansanese, with both phosphorus and sulphur 
under 0.040 per cent. The major portion of the charge consisted of rather clean 
boiler plate and punchings. About 200 pounds of burned lime, and 160 pounds 
of pea sized coke were added between layers of the charge. 

The speciflcations called for the following: 

Per cent 

Carbon 0.80 to 0.90 

Manganese 0.60 to 0.60 

Silicon under 0.16 

Phos. and sulphur under 0.040 

This metal was not for steel castings, but was to be poured into forging 
ingots from which track tools were to be made for railroad operations. 

2:66 p. m. 

Current on. 

4:00 

Steady load after slipping electrodes, and filling up their holes with fresh scrap. 
6:00 

Good sized pool formed. Considerable scrap hanging to walls pushed into bath. 
Slag test shows carbide conditions in spots, but tending to a light brown in others 
caused by being contaminated with oxide from fresh scrap falling into the metal 
pool. Gave a light coke dusting. 

6:00 

All melted. Slag white, but rather thick. Added 60 pounds of gravel fluor- 
spar, and took metal test for chemist. This test was fairly solid, but too high 
in carbon for a close reading. 

6:20 

Test came back 0.62 per cent carbon ; manganese 0.42. Added ferromanganese fig- 
ured at 0.16, and enough flake graphite to bring the carbon up 10 points. This was 
well rabbled in and the slag given another good coke dusting. 

6:60 

Perfect conditions Slag a dark gray and powdering in air. Strong acetylene 
odor on a water quench. Metal fairly sound. Final test taken for analysis. 
Doors sealed. 

7:20 

Test analyzed carbon 0.77 and manganese 0 54 per rent. Low phosphorus pig 
iron added to give five points of carbon. Silicon at 0 20 per cent added in lumps, 
being slightly moistened before throwing in, in order to splash the slag aside. 

7:40 

Metal tost shows perfectly solid, with the seamed skin showing perfect deoxidation. 
Slag strongly carbide. 

7:46 

Heat poured. The metal poured like oil, setting in the molds without a spark. 

The final analysis of the metal showed carbon 0.84, manganese 0.62, silicon 
0.14, phosphorus 0.040 and sulphur 0.012 per cent. 

This slag contained 5.34 per cent calcium carbide. Total time of heat 4 
hours 60 minutes. The total current consumption was 6180 kilowatt hours or 
740 a ton. 
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Table 11 

Operating Log for Hard Steel 

ACID PRACTICE 

The charve consisted of 7900 pounds of miscellaneous plate scrap, coverinK 
punchinffs, and boiler plate, with approximately 80 per cent of rail ends. 

Charsed with no sIbk material nor ore. 

Specification Steel made 


Tens. Str. 80.000 lbs. 88,700 

Elastic Limit .45 of ten. st. 47,800 

Eloniration in 2 inches 15% 18.7% 

Reduction of area 20% 40.0% 

Per cent 

Carbon .... .... 0.40 

Manfiranese ... ... 0.70 

Silicon ..... ... 0.87 

Sulphur ... , 0.047 

Phosphorus .... .. 0.063 


2:80 

Current on. High side of transformer drawinK a load of of 1600 to 1600 kilowatts, 
at about 180 volts. 

3:25 

Metal all melted, although still rather cold Slat; test shows a dark, grayish black 
color. Metal tost wild, but showing sufficient residual alloys. Carbon judged by 
fracture to be 0.11 per cent Sample sent to chemist. 

3:30 

Finishing slag added, consisting of H large scoops of old molding sand, spread as 
evenly as possible over the bath Flames immediately turned soft, with heavy 
clouds of white smoke. Reduction starting. 

8:36 

Slag thoroughly melted, and due to the long arc, hot and fluid. Test taken 
shows the first appearance of a dark green color. Metal much hotter. Current 
thrown over to low side of transformer, drawing about 6000 amps at 110 volts. 
3:40 

Chemist reports carbon at 0 16 per cent, and manganese at 0.17. Slag test now 
taken shows a good greenish color, but there is still oxide in the metal, although it 
sets quietly in the mold, with little sparking. The slag is beginning to thicken 
slightly, and reduction is proceeding perfectly: 72 pounds of lump, 80 per cent 
ferromanganese weighed out calculated to 0 72 per cent of the charge. Three 
large scoops of sand added to the furnace to thicken the slag, and given a light 
dusting of coke to start heavy reduction. Low phosphorus, low silicon pig iron 
added in sufficient quantity to bring the carbon up to about 0.45 per cent. 

3:46 

Slag thick, and a yellowish green in color Metal free from any oxide. Sample 
sent for carbon analysis. Silicon now beginning to be reduced into the metal, 
although not apparent. 

8:50 

Silicon reducing fast, metal showing silvery in spoon, and setting quickly in 
mold. Metal rising during solidification. Slag perfect, although thick and tough 
Chemist reports carbon at 0.43 per cent. 

3:52 

Ladle called for and manganese added, being moistened to go through slag. 

3:56 

Test taken and poured into a sand mold shows perfectly quiet the fracture being 
of a clear, even grain, with the top of the piece wrinkled showing perfect solidity. 
Slag a light yellowish green. Furnace beginning to snow slightly. Heat poured, 
with no ladle additions. 

Power used 2000 kilowatt-huurs or about 500 per ton of charge. 

Metal held in ladle five minutes, and poured into six castings. «his number 
taking the entire heat. 
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Table 12 


Operating Log for Soft Steel 


Acid Practice 


Tho charge conbiHted of 8200 lbs. of miscellaneous low carbon scrap. 


Tens. Str. 

Elas. Lim. 

Elongation in 2 inches 
Reduction of area 

Carbon 

Manganese 

Silicon 

Sulphur 

Phosphorus 

2:46 

Current on high side. 


Specification 
60,000 lbs. 
.45 of ten. st. 
22 % 

80% 


Steel made 
69,900 
36,460 
28.1% 
49.7% 
Per cent 

0,23 

.... 0.66 

0.28 

0.044 

. 0.066 


3:65 

Metal all melted and furnace hoi Changed over to low side after adding 6 large 
scoops of sand, mixed with one of lime rock in small pieces. 


4:00 

Metal teat taken runs from spoon rather warm, although a light scull is left. 
Metal shows approximately 0.08 per cent carbon, with low manganese and 
silicon. 100 pounds of a low phosphorus pig iron added to help clear the metal 
of oxide and bring up the carbon 


4:06 

Slag clearing nicely Metal getting sounder and hot. Carbon approximately 0 16 
per cent Another ten points of pig added and the slag given a dusting of 
coke Reduction heavy, but slug still of a liquid consistency, showing yellowish 
green, and stringing from the spoon 


4:10 

Carbon estimated at 0 26 per cent. Slag temperature O. K. 

4:20 

Manganese added in lumps to furnace calculated at 0 70 per cent of charge . 
silicon added in moistened lump*; figured at 0 30 per cent of charge 

4:30 

Bath well rabbled, and final metal test taken in a sand mold Every indication 
satisfactory Heat tupped Consumption 2000 kilowatt-hours or about 600 per 
ton. 


Metal held in ladle 6 minutes und poured 20 gates. 


SECOND HEAT 



Specification 

.Steel made 

Tens. Str. 

60.000 lbs. 

72.200 

Tllas. I.im. 

46 of ten. st. 

89,801) 

Filongation in 2 inches 

22% 

21.2% 

Reduction of area 

30% 

41.1% 
Per cent 

Carbon .... 

' ... 

0.26 

Manganese 


0.64 

Silicon 


0 81 

Sulphur 


0.041 

Phosphorus ... 

The charge was 6000 lbs 

boiler plate scrap. 

0.068 


9:00 

Current on. 

10:00 

Charge melted Six scoops of old sand added. 
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10 :05 

SlaK thoroughly melted. Current changed to low side. Metal test shows carbon 
about 0.12 per cent, metal being in an excellent condition, showing sound around 
the rim where chilled. Slag, black, with touches of dark green. Still thin. 

10:10 

Slag thickening as metal heats up. Tests show dark green. Metal about the 
same. 10 points of carbon added as pig iron. 

10:16 

Metal runs clear from the spoon Slag in excellent shape. About 16 pounds 
of burned lime added to keep slag from getting too thick. Metal test shows 
satisfactory on the fracture. 

10:20 

Metal getting hot. 

10:26 

Manganese figured at 0.66 per cent of charge added to furnace. 

10:30 

Heat poured, ferrosilicon 0.20 per cent being added to the stream as it runs into 
the ladle, the alloy being about the size of small peas F*ower consumption 2000 
kilowatt-hours or about 667 per ton 

This heat was poured into 69 flasks, mostly center plates, and buffer castings 
for car work. 
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Table 13 

Operating Log for Medium Steel 

Acid Practice 

The charsre consiBtt>d of 9000 pounds of mixed scrap and 3000 pounds of 


heads and suites. 

Specification Steel made 

Tens. Str. 70.000 lbs. 79.760 

Elastic Limit .46 of ten. st. 42,200 

Elongation in 2 inches 18% 28.4% 

Reduction of area 26% 47.7% 

Per cent 

Carbon 0.36 

Manganese .. 0.61 

Silicon 0.83 

Sulphur . . ... 0.039 

Phosphorus ... 0.040 


8:00 

Current on, high voltage. 

9:00 

Melting progressing rather fast. Scrap falling into bath struck an electrode, 
breaking it off at the nipple Had to be pulled out through the roof with a 
chain. About 8 inches of the electrode had be€“n dissolved by the metal. 

9:30 

Current again on, after 30 minutes delay. 

10:00 

Metal all in. .Slag medium, and a dark green color 
10:10 

Metal test taken, and current thrown over onto Iom' side The test shows close 
to 0.80 per cent carbon, with a rather high manganese, and some silicon. Test 
sent to chemist. 

10:20 

Carbon 0 32 per cent, with manganese at 0.40 Another metal test taken shows 
metal warming up slightly, but still full of cold spots, and showing oxide streaks. 
No silicon reduction apparent at tins time 

10:30 

Slag beginning to reduce, and getting lighter in color. Metal still cold 
10:40 

Metal hotter, giving a clear run from the spoon. Slag a fine color, but slightly 
thin. Four scoops of sand added, with an addition of 10 points of rarbon, by means 
of pig iron. 

10:46 

Silicon beginning to reduce heavily as the temperature of the furnace rises. 
10:50 

Manganese figured at O.SO per cent added. 

10 :66 

Final test taken in sand mold, shows excellent conditions. Heat poured. 

Power consumed 3760 kilowatt hours or approximately 626 per ton. 12 gates 
poured on this heat. 
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Table 14 

Logs of Manganese Steel Heats 


The eharse consisted of the follow ing constituents : 

Pounds 

Heads and gates (carbon steel) 800 

Punehings. low carbon 8.000 

Turnings 660 

Ferromanganese (later) 780 

Total 6.280 

The analysis of the steel was as follows: 

Per cent 

Manganese 11.62 

Carbon 1.26 

Silicon 46 

Phosphorus 066 

Sulphur Oil 


Total time for heat 4 hours Rft niiiiiites. Kilowatt hour current consumption 
8600 or 1836 per ton. 

Time 

10:20 

Power on. Low amperage. Voltage 104 to 100 
10:86 

Power off to lower electrodes. 

10:46 

Power on. Amperage 4600. 

11:10 

3 shovels burned lime, 60 pounds. 

1:20 

Amperage reduced to 3600, 60 pounds lime added 
1:40 

All melted. 

2:06 

First metal test taken, carbon 0.12 per cent. Sing a dark brown. 

2:16 

26 pounds of ground electrodes added 
2:18 

Changed to low voltage, 83 
2:26 

Slag white 
2:30 

High voltage, 106, 

2:32 

100 pounds ferromanganese on hearth at each dooi. 

2:40 

li'irst 100 pounds in No 1 dour . second 100 poijikIh heating 
2:44 

First 100 pounds in No. 2 door , second 100 poiiiidb heating. 

2:48 to 3:08 

Manganese added 100 pounds at a time from alternate doors 
3:16 

Tapped adding 0.26 per cent silicon to ladle 

The weight of metal was 5100 pounds and the weight of the slag was 310 
pounds. 
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The mantcftnetie added on this heat figured to 12.00 per cent of the total 
chartre, disreRardin? that contained in the charge (approximately 0.60 per cent). 
The bend test broke at 135 degrees. 

SECOND HEAT 

The charge was constituted as follows: 

Founds 

Heads and gates (carbon steel) ... 500 

Punchings .... ... . . 4,100 

Turnings .. 500 

Ferromanganese (later) . .^ 890 

Total 

The analysis of the steel was as follows • 

Manganese .... 

Carbon .... .... 

Silicon .... 

Phosphorus ... 

Sulphur .... 

Time of melting 6 hours. Kilowatt hours used 3900 or 1300 per 
Time 
0:80 

Power on. 3000 amperes Voltage, 100 to 102 
9:46 

75 pounds lime added . 4500 amperes. 

11:15 

15 pounds lime. 

1:00 

60 pounds lime. 

1:30 

First metal testh for carbon, 0.30 to 0 36 on fracture , slag black, to brown in 
spots. 

1:40 

Hole in roof. 

1:60 

GO-pound mill scale . 2500 amperes. 

2:05 

Carbon 0 45 per cent by analysis 
2:10 

45-pound mill scale 
2:16 

Carbon 0.30 per cent. 

2:20 

30-poun(l mill scale. 

2:.30 

Slagged off. 

2:36 

100 pounds lime 
Up to 3 :10 
Manganese added 
3:20 

10-pound ground electrodes. 

8:80 

Heat tapped, adding 0.40 per cent silicon to ladle. 

The weight of the metal was 6666 pounds and the weight of the slag was 
360 pounds while the slag was deep green at the pour. 

Bend test broke at less than 00 degrees. 

The two logs here given were made from two heats melted under poor con- 
ditions in a new shop where the practice had not been thoroughly developed. 
Consequently they can be classed only as mediocre heats. 

To show what a difference practice makes, the logs shown in Table 15. Ap- 
pendix, are given from heats made one year later 


.. 6,990 

Per cent 
. 11.02 
. 1.33 

.66 

. .046 

.013 

ton. 
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Table 16 

Logs of Manganese Steel Heats 

The first charge was made up as follows: 

Pounds 

Boiler plate scrap ... 8,000 

Clean turnings .... 3,000 

Ferromanganese (later) , . 1,160 

Total ... ... 7,160 

The analysis of the steel was as follows: 

Per cent 

Manganese ...... 12.69 

Carbon ... . . ... . 1.16 

Silicon . .... 38 

Phosphorus 066 

Sulphur .. . .008 

Time for heat. 4 hours 16 minutes, Kilowati hours current consumption was 
3000 or 840 per ton. 

8:00 

Current on at 120 volts and 4500 amperes. 

After a light pool was formed 100 pounds of burned lime was added to form a 
melting down slag. 

10:00 

All melted. Teat taken shows a dead melt. Carbon later analysed 0 06 per cent 
Raked walls clean. 

10:16 

Bath given a good dusting of ground coke, and second slag added. This slag 
was made of 200 pounds burned lime, 76 pounds fiuurspar, and 26 pounds, pow- 
dered coke, thoroughly mixed before adding 
10:30 

Slag well rabbled and given another heavy coke dusting. 

10:40 

Slag brown, and porous Reduction proceeding rapidly 
10:60 

40 pounds gravel spar added, and more coke. Metal hc’uting up 
11:00 

Metal hot. Slag beginning to powder in air Metal test shows approximately 
0 12 per cent carbon , fairly sound 20 pounds of ferrosilicon added. 

Manganese placed on door sills 100 pounds added every 2 minutes from alter- 
nate door sills 
11:30 

Manganese in all furnace Metal medium Slag green Added 60 pounds lime 
and gave a good dusting of coke Metal test taken, ciucnched, and bent shows 
about 90 degrees before failure, with touches of color on fracture Structure 
crystalline. 

11:60 

Slag white, and slightly powdering in places No carbide conditions. Metal test 
bent 120 degrees, but still shows color Structure tending to silky. 

Added 25 pounds lime, and another dusting of coke. Sealed furnace as tightly 
as possible, and threw current on to its highest possible load 
12:00 

Slag whitish green in spots , powdering in others Fairly thick and working 
slightly under the electrodes. 

Metal test bent over 160 degrees Fracture alwolutely clear of any color, and 
showing a silvery white. Silky. Added ferrosilicon figured to 0.26 per cent. 
12:10 , 

Metal perfect. Slag powdering with a greenish yellow color. 

12 :16 
Poured. 

The final bend tests on this heat went fiat on themselves without fracture. 
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SECOND HEAT 

The charge included 7000 pounds of plate scrap and 1860 pounds of ferro>- 
manganese giving a total of 8860 pounds. 


The analysis of the steel was as follows: 

Per cent 

Manganese 12.72 

Carbon 1.20 

Silicon 41 

Phosphorus 072 

Sulphur 010 


Time of heat 4 hours 80 minutes. Kilowatt hour current consumption was 
8600 or 889 per ton. 

12:00 

Current on at maximum load. 

As soon as pool formed added 76 pounds lime. 

2:10 

Metal melted. Metal test about 0.10 per cent carbon. 

2:80 

Finishing slag added; 260 pounds lime, 75 pounds fluorspar, and 85 pounds ground 
coke. 

2:46 

Slag well rabbled and given heavy dusting of coke. Slag brown in spots. Fur- 
nace well sealed. 

8:00 

Slag light brown. Added 26 pound spar. 

3:16 

Slag white and powdering. Metal fairly hot. 

Manganese weighed out and added 100 pounds at a time. 

8:46 

Manganese all in. Slag greenish blue. 

Gave heavy dusting of coke, and 40 pounds lime. 

4:00 

Slag a light greenish white. Metal bends 120 degrees with very little color. 
Another dusting of coke and furnace sealed. 

4:16 

Furnace snowing. Slag white. Metal perfect and hot. 

Silicon figured at 0.36 per cent added. Furnace sealed. 

4:80 

Metal in proper condition and sufficiently hot. 

Heat poured. 

Bend tests, 180 degrees without any checks appearing 
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Table 16 

Heat Logs of Manganese Steel Using Shop Scrap 

Twenty>flve Per Cent Alloyed Shop Scrap 
The charee was made up as follows: 

Pounds 


PunchinffS, low carbon 4800 

Turnings, clean 640 

Shop returns 1200 

Ferromanganese 889 

Total 6929 


The total poured was 6760 pounds, melting loss 2.6 per cent, time of heat, 
8 hours and 46 minutes, and the current consumption was 725 kilowatt-hours per 
ton. 


The analysis of metal was as follows : 

Per cent 

Manganese 12.89 

Carbon 1.02 

Silicon 0.87 

Phosphorus 0.063 

Sulphur 0.010 


The test bar bent 180 degrees without checking. 

8:00 a. m. 

Current on. 

8:30 

Electrodes raised, 200 pounds lime thrown in holes, and covered with fresh scrap. 
10 :80 

Heat melted. Slag, a dark greenish brown Fairly thin. Melt down carbon ap- 
proximately 0.25 per cent. Slag given 25 lbs. of crushed ferrosilicon covered 
with 76 pounds of burned lime. 

10:40 

Metal getting hotter. Slag now a greyish brown. Given 26 pounds lime, and a 
heavy dusting of coke. Furnace sealed. 

11:00 

Slag a greenish white. Added 60 pounds lime and 20 pounds fluorspar. Another 
heavy dusting of coke. Furnace again scaled 
11:20 

Slag light green, heavily basic. Manganese added. 

11:80 

Manganese all in furnace Metal well rabbled. 25 pounds fluorspar added, and 
another heavy coke dusting. Slag a pea green. 

11:35 

Metal Test shows bend of about 120 degrees withcut any trace of color on fracture. 
Metal hot. Slag a light green. 

11 :46 

Metal perfect. Slag a greenish white, powdering slightly to a yellowish green 
powder. Heat poured. 

This heat came down under perfect conditions, requiring little manipulation 
before being ready to pour. 

Second Heat Containing 25 Per Cent of Alloyed Shop Scrap 
The charge was made as follows: 

Pounds 

Punchings ' 4000 

Turnings 600 

Shop scrap 1500 

Ferromanganese 872 

Total 6872 
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AnalysiB of ateel : 

Per cent 

Manganese 11.48 

Carbon 1.06 

Silicon 0.61 

Phosphorus 0.080 

Sulphur 0.014 


The total poured 6700 pounds with a melting loss of 2.5 per cent. The time 
of the heat was 8 hours and 30 minutes and kilowatt-hours per ton current con- 
sumption was 876. The bend test started checking at 140 degrees. 

1:00 p. m. 

Current on. 160 pounds lime added after a good sized pool had formed. 

2:60 

Heat all melted, but cold. 

8:10 

First metal test taken. Shows approximately 0.30 per cent carbon Slag a medium 
green, with black patches. Gave a good dusting with gas coke, and added 160 
pounds of lime mixed with 60 pounds spar. Gave another good heavy coke dusting, 
and sealed the furnace. 

3:46 

Heat fairly hot. Slag white and powdering Consistency good. Began adding 
manganese. 

4:00 

Manganese all in. Slag a blue green. Gave 60 pounds lime, and dusted with 10 
pounds finely crushed ferrosilicon. Gave a medium dusting of coke, and sealed 
furnace. 

4:15 

Metal test satisfactory. Slag light green Temperature too low. Threw current at 
highest figure. 

4:26 

Metal in perfect pouring condition, and hot Slag blue green. Added ferrosilicon 
at 0.36 per cent in lumps. 

4:30 

Poured heat. 


Fifty Per Cent Alloyed Shop Returns 
The charge was rattled free of scale and was made up as follows : 

Pounds 

Punchings ... 2500 

Turnings .... .. 484 

Shop metal .... . . 2984 

Ferromanganese .. . . 630 

Total .... . . . . . 6698 

Analysis of metal: 

Per cent 

Manganese ... 18.23 

Carbon . . . ... 1.30 

Silicon . . .. 0.44 

Phosphorus ..... 0.079 

Sulphur 0.007 

The total poured was 6480 pounds, melting loss, 2 6 per cent and the bend test 
gave 180 degrees. The time of the heat was 3 hours and 30 minutes and the cur- 
rent consumption 812 kilowatt-hours per ton. 

10 :00 

Current on. 60 pounds lime added as soon as first pool formed. 

12:00 

Heat all melted. Gave a dusting of coke, and added 200 pounds lime. Sealed 
furnace. 
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12 :20 

slnfT blue. Metal appeared Kood, but wa» too hifch m mant;ane«ie for any fracture 
estimate. Added 60 pounds lime and gave a very heavy coke dusting. 

1 :00 

Metal getting rather hot. Slag a light blue Heat coming down fine, Degaii 
adding manganese. 

1:16 

Manganese all in. Metal getting extremely hot Metal test bends 00 degrees, bul 
showing color Added 26 pounds of Jump ferrosilicon, dusted with coke, added 
60 pounds lime and sealed furnace 

1 :ao 

Metal test satisfactory. Slag a blue green Metal hoi Poured hont 

Eighty Per Cent Alloyed Shop Returns 

The charge was rattled until absolutely free of scale, and shiny It containeil 
the following: 

CO lb manganese ore on hearth 

Pounds 


Piinchnigs ]00(i 

Turnings . 17 >, 

Shop nietul 

Ferromanganese ;j2 1 

'I'otal «l(i 7 


An.'ilvsis of metal 

Manganese 
Cii rbon 
Silicon 
I’ho.sphorus 
Sulphur 

'I'ho total poured was (>010 poimds, melting loss 2 6 pci cent The bend test 
gave 140 degrees. Time of heat was 6 hour-., 2Ti minutes and (he eurrent con- 
huniptioii was SSIl kilowatt -hours per ton 
H :00 a m. 

Current on As soon as pool had formed ndtled HiO pounds of lime 

n :00 

Ileal nil melted ^'est taken and sent lo chemist Friieture on this lest heavily 
rolor»‘d with little bend before bre.iking Slag green Added XO ptmnds of pi-trolenm 
ctike and 60 pounds lirm* The cidte started a heavy churning action cavmng good 
circnkituiM of the slag Poors scaled 
n ..‘lO 

Cliernist leports manganese, H HU per cent ami eat bon 0 Uli per rent in metal 
Slag upproximatelv 20 0 per cent niniigane.se. Slag n blue green Gave u heavy 
.lusting of coke mixed with lime and again scaled doors Metal test taken here 
shows a little bend, but contains le.s, color. 

12 ‘00 

Slag same green color Metal heating up a little Megan adding manganese in 100- 
jiound lot Cut down current. 

12 15 

Manganeae all in Added 50 pound, s lime, ga\e heaxy coke dusting and aealed doors. 
12:30 

Test taken benns about 46 degrees, showing eolor Sent to chemist for analysis. 

1 00 

Chemist rtports manganese. 12 01 per cent, with carbon at 1 20 per cent Bend test 
went 100 degrees with no color, although fracture w.tb coarsely crystalline. 

1 :15 " 

Bend tc.‘st went over 120 ilegrees. showing a soft silky texture on fracture. Slag 
light green. Ferrosilicon added at 0 40 per cent. Furnace given an other good coke 
dusting and ladle called for 
1 *26 

Heat poured. 


Per cent 
12 ] t 
1 ;i-{ 

a ^0 

0 OHl 
0.010 
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Table 17 

Furnace Log on Heat of Nickel Stesl 

Acid Operation 

The opecifleation oousht was: Carbon. 0.26 to 0.82 per cent; nickel, 1.90 to 
2.10 per cent, with other alloys standard. 

The analsrsis of the steel made was as follows: Carbon. 0.28 per cent; nickel, 
1.98 per cent: manganese, 0.60 per cent; silicon, 0.30 per cent. 

Charge 

Boiler plate, heavy 3000 lbs. 

Ingot butts 3000 lbs. 


ToUl 6000 lbs. 

Sufficient pig nickel was added on the hearth to bring the metal to 2.00 per 
cent, calculated on weight of the charge. 

The time for heat was 1 hour, 86 minutes with a current consumption of 600 
kilowatt-hours per ton. Twenty-nine castings were poured. 

9:00 a. m. 

Current on at 180 volts. Load being drawn at this figure, 1600 kilowatts. 

9:20 

Current off for two minutes to lower electrodes. 

9:46 

Metal melting rapidly, and large sized pool formed. Bar thrust into slag for test 
shows a dark green, rather thin. Flame from around electrodes yellowish white, 
with brown oxide vapors. Raked banks as clean as possible. 

10:00 

Metal all melted. Added five large scoops of old floor sand, evenly spread over 
the bath. 

10:06 

Current thrown over to low tap on furnace. Metal test taken shows rather low 
carbon, according to the bend before breaking. Sample sent to chemist. The slag 
has thoroughly melted, being of a medium green in color, still containing oxides, 
as can be seen by its fluidity. The metal is still rather cold, a small skuli 
remaining in the spoon. 

10:10 

Metal getting hotter, but still skulling the spoon Test on fracture shows no change 
over the first one. Slag bubbling in furnace, and getting lighter in color, although 
still fluid. 

10:16 

Metal pours clean from the test spoon, and has the clear, silvery color denoting 
freedom from any large amount of oxide. Slag a light green, beginning to get 
thicker and tending to string from the spoon. 

10:20 

Chemist reports carbon at 0.14 per cent, and manganese at 0.32 per cent. Metal 
IS now hot, and pours from the spoon in a clear, silvery stream. Slag perfect, 
yellowish green, puffing in the air, and stringing from the spoon. Added wash 
metal to raise the carbon 0.10 per cent. Three large scoops of sand added to 
thicken the slag and start the silicon to reducing. The bath given a light dusting 
of crushed coke. 

10:26 

Metal hot, and silicon coming down fast Slag thick and gummy, of a light 
yellowish color having a slight greenish tinge. Metal test broken shows the familiar 
silicon blow. Silicon estimated at 0.10 in the test. Smoke from around the 
electrode holders is a dense white, with luminous flames denoting perfect conditions 
of reduction. The furnace is beginning to snow slightly as can be noticed by 
the electrodes where they enter the roof becoming blue gray. 

19:30 

Metal test estimated not less than 0.16 per cent silicon, probably nearer 0-20 per 
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cent. Wash metal at 0.06 per cent carbon, and ferromanganese at 0.40 per cent 
manganeBe. added to the furnace both being slightly moistened to break through 
the slag. Bod set, an<4~ ladllle called. 

10:36 

Metal test poured into dry sand mold, shows absolute solidity, having the 
familiar wrinkled surface of a thoroughly deoxidized steel. 

Heat poured. 0.06 per cent of wheat size ferrosiheon being added to the ladle 
during the first part of the strekm. Metal held in ladle for ten minutes befbre 
first casting was poured. Size of nozzle brick used, 2 inches 
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Table 18 

Furnace Log on Heat of Nickel Steel 

Acid Operation on Shop Retnrna 

The fapecifteation sought was : Carbon, 0.22 to 0.26 per cent ; nickel, 3.25 to 
8.76 per cent; other alloys standard. 

The analysis of the steel made was : Carbon, 0.24 per cent , nickel, 8.63 per 
cent; manganese, 0.67 per cent, silicon, 0.29 per cent. 

Charge 

Nickel steel shop scrap with an average analysis of 2 00 per cent nickel ...7500 lbs. 

Pig nickel added with the charge to bring the analysis of the charge to 3.60 
per cent nickeL 

The time of the heat was 1 hour, 26 minutes It was made on a hot furnace 
with a current consumption of 586 kiiowatt*hours per ton. Fourteen eastings 
were poured. 

2 :00 p. m. 

Current on high side of transformer. Small amount of coke required under 
No. 2 electrode to furnish good conduction at the start, some of the sand on 
the scrap holding back contact. 

2:50 

Heat all melted. Slag test shows a medium green, and a little too thick. 60 

pounds lump iron ore added 

2:56 

Ore foaming slag. Part of .slag drawn off and a metal teat taken, which shows 
a higher silicon than desired. 40 lbs burned lime added to slag to thin it 
enough to prevent any further silicon increase. Test sent to chemist for carbon 
3:00 

Ore has finished working, and silicon pickup has been overcome. The slag has 
gone back to a darker green, and is fluid The metal is heating up, but the 
lest spoon still shows a light skull The metal still contains oxide ns can be 
seen from the reddish brown spots on its surface when taken from the furnace 
The bath given a light coke dusting. Flame coming from around the electrodes 

luminous and of a soft yellow in color, accompanied by dense white fumes. 

8:06 

Chemist reports carbon at 0.19 per cent, and manganese at 0.42 per cent. Silicon 
estimated at 0.10 per cent. The metal has thrown off its oxide, being of a 

silvery appearance when poured, pouring clean from the spoon The slug is of 

a light green yellow in color, and is just beginning to thicken. Current thrown 
on to low tap. 

8:10 

Metal hot Slag of a perfect color, and bubbling on the metal. Test taken 
strings from the spoon, and bright flames given off from the slag as withdrawn 
from the furnace. Metal test shows no change from first fracture. Slag thickened 
with silica sand, and small piece of pig added to start reduction of silicon 
Flames from around electrodes have died down, but the small amount coming from 
the furnace are a luminous yellow, accompanied by a thin whitish yellow smoke. 
3:16 

Metal hot. Slag thick and gummy, but of a perfect color. Silicon estimated in test 
at about 0.20 per cent. Slag foaming under the arc, and giving off bright blue 
flames. 

3:20 

Ferromanganese figured at 0.80 added, together with wash metal calculated to raise 
the carbon 7 points. 

8:25 

Silicon calculated at least 0.26 per cent, the metal test giving absolute solidity in 
a dry sand test mold. The metal is hot, giving off sharp blue flames as poured 
from the spoon, with a surface which is mirror like in its freedom from oxide. 
The test bar has the familiar silicon shrink accompanied with wrinkles along the 
rim. 

Heat poured, the metal held in the ladle 12 minutes. Size of nozzle used on this 
heat : 1 Vi inches. 
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Table 19 

Log of Nickel Steel Heat 

Basie Operation 

The specification sousht was: Carbon. 0.80 to 0.35 per cent; nickel. 8,25 to 8.75 
per cent ; other alloys standard. 

The steel analyzed: Carbon. 0.32 per cent; nickel, 3 44 per cent; manKanesc, 
0.61 per cent; silicon. 0.80 per cent; sulphur. 0.024 per cent; phosphorus. 0.041 
per cent. 

Charge 

Nickel steel scrap . . 10.600 lbs 

(Av. 2.00% Ni.) 

Low phos. punchiners . . 3,500 lbs. 


Total „ , 14,000 lbs 

The time of the heat was 3 hours, 45 minutes with a current consumption of 
660 kilowatt-hours per ton. Forty-two castings were poured. 

7:46 a. m. 

Current on. 

As electrodes dig near the hearth they are raised and fresh scrap thrown in A 
small amount of lime was added, just sufficient to form enough of a slag body 
to hold a steady load. 

9:80 

Charge about three-quarters melted Slag given a good heavy dusting of pulverized 
anthracite coal followed by 200 pounds of lime. 

10:20 

Charge all melted and metal medium Slag is of a medium brown in color. 75 
pounds lime added and another good dusting of co|<e given. 

10 :40 

Metal hot. Current cut down. Slag a whitish brown and thick. 50 pounds 
fluorspar added and rabbled in Metal test sent to chemist, f'errosilicon at 
0 20 per cent added. Dusting of coke and doors sealed. 

11 ;00 

Metal hot. and thoroughly solid on fracture cast in chill mold. Slag perfect, 
foaming, and powdering gray, with strong carbide composition Chemist reports on 
previous test carbon at 0 27 per cent, and manganese at 0 46 per cent Ferro- 
manganese at 0.20 per cent added. Pig nrckel added to bring total charge up 
to 8.60 per cent. Ferrosilicon at 0.15 per cent added. Slag coked and furnace 
sealed. 


11:20 

Metal solid in sand mold, hot, and perfect in appearance Slag excellent. 

11:80 

Furnace tapped, using skim gate. 15 pounds spar to ladle. Metal held in ladle 
ten minutes before pouring. Poured perfectly sound. 
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Table 20 

Log of Nickel Steel Heat 

Basic Operation 

The speoifleafeton souKht was: Carbon, 0.22 to 0.26 per cent; nickel, 1.86 to 2.10 
per cent , other alloys standard. 

The steel made analyzed: Carbon, 0.23 per cent nickel. 2.04 per cent; man- 
aanese. 0.66 per cent; silicon, 0.31 per cent; sulphur, .0.016 per cent; phosphorus, 
0.031 per cent. 

Chaive 

Punchinirs ... ... .... 7,000 lbs. 

Boiler plate .. . 7,000 lbs. 

Total ... 14,000 lbs. 

The time of heat was 4 hours, 20 minutes with a current consumption of 760 
kilowatt-hours per ton. Twelve Rates were poured. 

4:08 p. m. 

Current on. 8000 amperes at 110 volts. 

4:22 to 4:60 

Electrodes raised as they dig throuRh the scrap, and fresh metal charsed in the 
holes, covering the lirst slag which consists of three per cent of the charge, 
burned lime. 

6:10 

Current off for three minutes to pull out stiih of broken electrode. 

6:06 

Bath well melted. 26 pounds lump iron ore added. 

6 60 

Charge all melted, and fairly hot. Metal test taken and judged at 0 08 per cent 
carbon by fracture. Slag dead black, but thin. 60 pounds burned lime added, and 
rabbled through the slag to thicken preparatory to removing the dephosphoriz- 
inR slag. 

7:06 

Current off and tho greater part of the slag removed with wooden tipped 
rabble bars. 

7:10 

Curpcpt again on. Tho hare metal was given a heavy dusting of ground coke,' fol- 
lowed by one-half of the final slag consisting of 3 per cent of the charge lime, 
well mixed with 60 pounds of gravel fluorspar. Covered with a good coating of 
coke Ferromanganese at O.GO per cent manganese added, together with sufficient 
shot nickel to bring the analysis to 2 00 per cent nickel. Furnace sealed.' 

7:86 

Metal test taken. Slag powders to a light gray. Metal rather hot. Sample sent 
to chemist. 16 pounds ferro-silicon added in lumps, and another heavy dusting of 
coke added. 

7:65 

Slag perfect, foaming heavily, powdering to a dark gray, and giving off a strong 
acetylene odor when water cooled. Chemist reports carbon at 0.18 per cent and 
manganese at 0 67 per cent Metal test taken shows hot metal, but still slightly 
gassy. Ferros ilicon at 0.26 per cent added, together with wash metal at 0.06 
per cent. 25 pounds lime added and the slag again dusted with coke. All furnace 
openings have sealed themselves with silicon soot. 

8 -20 

Metal test taken and poured into a sand mold shows perfect soundness and solidity 
when fractured, with the familiar silicon dip of the surface, so common to thor- 
oughly sound basic steel. Slag strongly carbidic, and powdering dark gray. Metal 
is hot. 

8:28 

Heat tapped. 16 pounds of finely ground fluorspar being added to the stream as it 
runs from the ladle. When ladle is nearly full, and slag begins running. 8 scoops 
of lime added to thicken slag on top of ladle. Ladle covert well with fine coke 
to prevent any oxidation from the cold air. 

Metal poured beautifully from a 2-inch nozzle into some rather large ship castings. 
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Table 21 

Furnace Log on Heat of Chrome Steel 

Acid Operation 

Steel castinKa intended for use as the jaws in rock crushen. The analysis 
souffht was: Carbon. 0.90 to 1.00 per cent; chromium, 1.00 to 1.10 per cent. The 
steel analyzed when finished as follows : Carbon. 0.02 per cent : manganese, 0.63 
per cent; silicon. 0.24 per cent; chromium. I.IS per cent. The charge consisted of 
6200 pounds of old coiled springs. The time of heat was 1 hour, 20 minutes, and 
the current consumption was 660 kilowatt-hours per ton. 

2:40 p. m. 

Current on at high voltage. Three scooxm of molding sand added to hearth, to- 
gether with 25 pounds of anthracite coal. 

8:80 

Charge melted, and fairly hot. Slag has come down as a clear green, but rather 
thin. Five large scoops of dry silica sand added. The metal test on fracture 
shows a high carbon, too high to judge with any accuracy. Test shows fairly 
solid. Sample sent to laboratory. 

3:86 

The slag has thoroughly diffused over the bath, and is hot. Current cut to low 
voltage. 

8:40 

Chemist reports carbon at 0.81 per cent. Wash metal added at 0.20 per cent carbon. 
Slag given light dusting of coke. Furnace scaled. 

3:60 

Metal extremely hot. Slag perfect, being a yellowish green and tough and 
stringy. Fracture test shows good solidity. 

8:56 

Ferromanganese at 0.60 per cent manganese, and ferrochromc at 1.26 per cent 
added. 

Bath given a good rabbling. f 

4:00 

Current off and heat poured. Ferrosilieon at 0.10 per cent silicon in wheat size 
added to ladle. 


Acid Operation ' 

Heat for castings for cutter blades with a desired content of carbon, 0.40 
to 0.50 per cent, and chromium, 0.46 to 0.60 per cent. The finished steel analyzed: 
Carbon, 0.46 per cent; chromium, 0.68 per cent; silicon, 0.33 per cent; manganese, 
0.66 per cent. The charge consisted of 8000 pounds mixed scrap, with about 26 
per cent shop returns. The time of heat was 1 hour, 40 minutes, and the current 
consumption 676 kilowatt-hours per ton. 

2 :10 p. m. 

Current on. 

3:16 

Heat melted. Fracture shows approximately 0.16 per cent carbon. Slag thin and 
black. Six large scoops of old molding sand added, with 100 pounds low phosphorus 
pig iron. 

3:20 

Current thrown on to low side. Slag well mixed, with dark green color. Metal still 
full of oxide, and skulls spoon. 

8 :26 

Slag clearing, metal getting hotter. Carbon fracture estimated at 0.26 per cent 
carbon. 100 pounds pig added. 

8:30 

Metal pours hotter, but still slightly skulls the spoon. T31ng light green. Two 
large scoops silica sand added. Fracture estimated at about 0.38 per cent carbon. 
8:40 

Metal hot. pours clear from the spoon. Slag perfect with slight tendency to 
thicken. Twenty pounds crushed limestone added over slag. Metal test estimated 
at 0.86 per cent carbon. Wash metal added to bring to 0.60 per cent. 
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3:46 

All conditions perfect. Silicon startini; to come up slisrhtly. Manganese and 
chrome added. Current thrown on to high side to thin the slac for pouriniir 
3:50 

Heat tapped. 


Dasic Operation 

The speeification called for carbon. 0 60 to 0 70 per cent and chromium, 0.90 
to 1.10 per cent. The steel made an analysis as follows: Carbon, 0.67 per cent; 
chrome, 1.02 per cent; silicon, 0 26 per cent; manganese, 0.66 per cent; sulphur, 
0 016 per cent , phosphorus, 0 038 per cent. The charire was 15,000 pounds of 
chrome scrap averajrintr 0.66 per cent chromium. The time of the heat was 3 
hours, 65 minutes and the current used was COO kilowatt-hours per ton 

2 '40 pm H<at Made On Hot Furnace 

Current on The scrap was clean 76 pounds of crushed limestone added in 
center of ehari^e. 

4 :16 

Charire about half melted, larire pool of metal in center Fifty pound.s crushed 
coke added, toKCther with 100 pounds of burned lime Furnace tightly sealed 
Conditions reducing as can be seen by the soft, luminous Oame coming from 
around electrodes 
6 :10 

(Charge all melted. Walks raked clean Slag a light brown. Metal cold Dusted 

heavily with ground coke and added 100 pound.s lime, and 40 pounds spar Doors 

tightly sealed. 

6-40 

Slag white and powdering in the air Metal getting hot Fracture judged at 

0 60 per cent carbon. Sample sent to chemist for analysis Given a dusting ot 

coke and the doors scaled 
6-00 

Chemiat reports carbon at 0.62 per cent; manganese at 0 46 per cent; and chro- 
niiiim at 0 48 per ec'nt Ferromanganese ferrochrome, and wash metal added 

tn proper anioiint Silicon at 0 16 per cent added and furnace closed 

6:20 

Metal hot, and sound on fracture Slag perfect Foaming in furnace, powdering 
gray m air. and giving off heavy odor‘i of acetylene when water ijuenched 
Silicon at 0 15 per cent addl'd 
6 36 

Heat tapped 


Kasic Operation 

The specification called for carbon, 0.40 to 0.60 per cent and chrome, 0 50 to 

0 00 per cent, while the steel made ran a'- follows Carbon. 0 43 per cent, 
ohromium 0 68 per cent, manganese. 0 71 per cent; silicon. 0 30 per cent, Biil- 
phiir, 0 020 per cent, phosphorus, 0 031 per cint The charge consisted of 13,000 
pounds miM’d baioic open hearth scrap The time of the heat was 3 hours, 1.5 
minutes and the current 615 kilowatt-hours per ton 

11:00 a m 

Current on 250 pounds lime added wu'th charge 
1 .00 p m 

All melted. Fracture shows dead melt Slag black and thin Fifty pounds 
lime added to thicken slag. 

1 -20 

Slag raked and poured off Ferromanganose added. Finishing slag added, 250 
pounds lime, GO pounds spar, and .50 pounds crushed coke. Furnace sealed. 

1 :60 * 

Slag powdering and of a good carbide ch.iracter Metal pours clean from the 
spoon. Low phosphorus pig added to bring up carbon Ferroehrome added and 
ferroBilicon at one-half of total required Given good coke dusting 
2-10 

Metal sound, slag perfect All conditions ready for pouring. Balance of silicon 
added. 

2:16 

Heat tapped. 
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Table 22 

.Heat Log op High Silicon Steel 

Acid Furnace 1 racticc 

SteeJ, intended for larfjfe Huirar mill drivinpr irearn was made to the following; 
lanalyBis: Carbon. 0 80 to 0.35 per cent, manRaneHo, 0 05 to 0.70 per cent, 

Hihcon, 0 60 to 0 70 per cent. The retuiltintr metal analyzed : Carbon< ,0.84 per 
cent, maniraneae, 0.71 per cent. Hilieon, 0 60 per cent 

• The charge connisted of 7200 pounds of soft steel scrap and 50 pounda 
crushed coke added on hearth 

The time of the heat was 1 hour 25 minutes, made on a hot hearth, and the 
current consumption 5S5 kilowatt lioiirh jiei ton Four Kutes were poured through 
a l*/j-inrh nozzle. 

1 -30 p. m 

Current on at highest possible voltage, IhO volts at 4500 amperes ‘ 

No slag making materials added 

2:20 

Heat melted and walls raked clean Little slag on the steel, what la in furnace 
xs a greenish black Metal rather cold, but shows approximately 0.30 per ‘ cent 
carbon, the coke having effectively done its work in holding this element in chock 
Six large bcooim of old, dry floor sand carefully spread over the surface ol thi- 
hath. 

2:25 

This sand has thoroughly diffused, and the slag i.s extremelv hot. due to 

the long arc Current thrown over to Um voltage, about 110 volts Metal is heat- 
ing, but still contumb considerable free oxide 

2 .30 

Slag a medium gr<-eti in color, Imt still rather thin and containing uuite an amount 
of oxide. Metal htill skull- in the bjioon Carbon conslanl by Iracture 

2 35 

Slag fust turning lighter m color Metal test practically free of oxide, ami left 
slight skull in bpooTi Slag thickened with 3 large scoops of sand, and given a 

diihting of coke to throw down silicon 

2-40 

.Slag perfeet, yellowish gieen thuk and vi.scou.s stringing from the s))non, and 
fi'iiming when the door i.s opened As withdr.HW'n. the slug puffs up and the gases 
burn with sliaiii blue, pointeil flames Metal pours clean from the sjioori. shown 

no trace of oxide, but the silicon has not vet started to reduce 

2 .4.5 

All eonditioris perfect .Silicon coming down fast, the metal beginning to show 
wildness due to the escujie ol owgen from the reduced siliea. the blow holes 
having the silvery color a-isociated with this reaction Silicon estimated at 0 10 
nor cent iin drop m carlion being shown (\irhon raised 0 10 per cent by addi- 
tion of pig iron, 

2 -50 

Metal extienielv hot, pouring fruni the spoon in :i silverv stream, and sittliiig 
in the chill mold at once, hut rising hadl\ due to the escui)e of oecluded oxygon. 
The silicon now estimated at al)out 0 20 per <ent, WMth the carbon at about 
0.32 per cent Slag a light yellowish green, rather thick and stringy Ferro- 
maiigane.se at () (if) per cent maneanese and ferrosilicon at 0 (JO per cent silicon 
added, both being mo stened and ailded in lumps 

2 -55 

Heat tapped, the slag being raked from the pouring door xvilh a hook as the 
heat IS tapped Steel extremely «piiet in ladle and in the molds 

Metal held in the ladle Itn minutes before the first mold was poured Almost 
the entire heat was poured into one large crown wheel, the remamdor being 
poured into three small cut gears. On machining the metal cut easily, with no 
trace of hardness or tendency toward brittle metal 
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Heat Log of High Silicon Steei. 

Basie Furnace Practice 

The specification called for: Carbon. 0.24 to 0.32 per cent; silicon, 0.46 to 
0.60 per cent ; manpanese, 0.60 to 0.70 per cent. The steel as made analyzed 
as follows : Carbon 0.27 per cent ; silicon, 0.66 per cent ; manganese, 0.62 per cent. 

The charge consisted of 14,176 pounds of miscellaneous foundry scrap. The 
time of heat was 8 hours, 50 minutes and the kilowatt hour per ton current con- 
sumption was 688. 

12:00 p. m. 

Current on. 

12:80 

Electrodes raised one at a time, and lime added, being covered with fresh scrap. 
Approximately 76 pounds lime added in this manner. 


2:00 a. m. 

Charge all melted, walls scraped. Fifty pounds of crushed coke added, mixed 
with 260 pounds of burned lime. Doors sealed. 

2:86 

Slag rather thick. Fifty pounds fluorspar added and thoroughly rabbled into 
the slag. The slag is a medium brown in color. Metal is fairly hot. Current 
cut slightly. 

8:00 

Slag white and powdering. No carbide character. Metal hot. Fracture estimated 
at 0.20 per cent carbon. Ferromanganese at 0 40 per cent added. Given a heavy 
dusting of coke and the doors sealed. 

8:20 

Slag strongly carbide, powdering dark gray. Metal hot. and fairly sound. Ferro- 
silicon added at 0.70 per cent silicon. 


8:40 

Metal thoroughly sound and hot. 


Slag perfect, foaming over entire surface of 


8:60 

Heat tapped. 
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Table 24 

Log of Acid Electric Furnace Iron 

Soft Machineable Iron i 

The specification called for soft iron capable of beiriK machined at high speeds 
and to take a high polish. The iron made analyzed: Total carbon, 9,64 per 
cent; silicon, 2.48 per cent; manganese, 0,67 per rent; sulphur, 0.075 per cent. 

The charge consisted of cast iron borings, 4500 pounds; shop returns, 6000 
pounds; outside scrap, 2500 pounds; ferrosilicon, 120 pounds; ferromanganese, 86 
pounds ; gas coke, 120 pounds. 

The time for the heat was 2 hours, 46 minutes. A 6-ton heroult furnace was 
used and the current used was 610 kilowatt-hours per ton. using a hot furnace im- 
mediately following a heat of steel. 

8:10 a, m. 

Current on. Pulling good load from the start. 

9:10 

Charge rapidly melting. Added 60 pounds pen size anthracite coal, 

10:00 

Practically all molten Test taken in sand mold. 

10:15 ' 

Metal heating, but still skulling the spoon. Previous test broken. Metal shows 
a soft fracture Six large scoops of sand mixed with 3 of burned lime added. 
10:26 

Slag well rabbled Metal getting hot. Fracture thoroughly solid in chill mold. 

10:85 

Slug thoroughly mixed, very glassy and of a whitmh gray color. Slag test poured 
in chill mold shows solid fracture with no evidence of shot or gas pockets. 

10:46 

Ferrosilicon and ferromanganese added. The slag given a dusting of coke 
10:60 

Metal extremely hot All appearances good. 

10:56 

Heat tapped Castings jioured perfectly the metnl being extremely hot and easily 
pouring the rruwt intricate pieces Heat was poured on the floor for 46 minutes, 
the ladles draining perfectly clean No pigged metal. 


HARD IRON 


The specification called for hard gray, no machining, but must be capable 
of being drilled, to bo use'd for retorts for sugar refining work. The iron made 
analyzed: Total carbon, 3.05 per cent; silicon, 2 26 per cent; manganese, 0.27 
per cent , phosphorus, 0 31 per cent ; sulphur, O.OGl per cent. 

The charge consisted of steel borings, .3000 pounds; shop returns, 8000 pounds; 
ferrosilicon, 136 pounds ; and low ash coke, 210 pounds. 

The time for the heat was 1 hour. 10 minutes with 490 kilowatt hours per 
ton current consumption. 

2 :00 

Current on. The coke was added with the charge as was the ferrosilicon. 

2:45 

Charge completely melted. Metal test taken and poured into chill mold to esti- 
mate carbon. Another test poured in sand mold for softness. Four scoops of 
sand mixed with lime added. Furnace given a light dusting of coke dust. 


3:00 

Previous softness test shows satisfactory. Chill test had previously been esti- 
mated at over 3 per cent Slag fairly good, but rather lumpy. Given a good 
rabbling, and 20 pounds fluorspar added. 


3:05 

Slag a light yellow, and glassy. 


Good covering on metal. 


Heat poured. Metal extremely hot. Sample bar poured on heat machined medium; 
drilled readily. Fracture of gates rather close grained, and considerably tougher 
than the average gate poured from the cupola. 
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Table 25 

Heat Log of A Heat op Duplexed Gray Iron 

The metal from cupola analyzed: Total carbon, 3.41 per cent; silicon, 1.87 per 
cent ; manganese, 0.49 per cent ; phosphorus, 0.62 per cent ; sulphur, 0.129 per 
cent. 

The charge in the cupola consisted of 20 per cent steel scrap, 40 per cent 
shop return and 40 per cent cast scrap. The metal from electric furnace 
analyzed : Total carbon, 8.29 per cent ; silicon, 2.34 per cent : manganese, 0.44 
per cent, phosphorus, 0.63 per cent; sulphur, 0.027 per cent. The time for heat 
was 2 hours 10 minutes with 267 kilowatt hours per ton current consumption ; 
18,096 pounds of metal was poured from electric furnace. 

10:00 a. m. 

Furnace started on approximately 10.000 pounds of metal from cupola. As the 
iron was poured into the furnace, 400 pounds of the following slag mixture was 
added : Lime 60 per cent, fluorspar 20 per cent, and crushed coke 20 per cent. 
Given a heavy covering of crushed petroleum coke, and the doors sealed. Power 
on at heaviest load 

10:50 

Furnace given a kicker of about 8000 pounds of cupola iron. Doors again sealed. 
11 :10 

Slag thoroughly rabbled and 60 pounds of spnr added Metal test taken and sent 
to chemist At this point the metal is medium in temperature, the first ladle 
of cupola iron having been rather cold. 

11:20 

The slag has been a heavy carbide one right from the start, hut at this point 
it has gone over into a perfect molten, ana fairly thin condition. It shows ex- 
cellent reduction. The metal pours nicely, with a distinct dip in the mold. 

11:80 

Ferroalloys added and well rabbled into the metal. 

11:40 

Test taken shows good diffusion of the silicon. The metal is hot, and the slag 
perfect. 

12 :00 

Metal ready to pour, but held up 10 minutes waiting for the ladle. 

12:10 

Furnace tapped. Metal was poured from large crane ladle into smaller ones for 
pouring, considerable shanking being done. No skulls at finish. All machined 
work. 
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Table 26 

Heat Log of Colp Gray Iron 

The specification called for the softest quality of iron for high speed cutting. 
The iron analyzed : Carbon, 2.68 per cent ; manganese, 0.54 per cent ; silicon, 2.37 
per cent: phosphorus, 0.48 per cent; sulphur, 0.018 per cent. The charge consisted 
of 14,000 pounds of cast iron scrap containing an average of 0.10 per cent sulphur. 
The time for the heat was 3 hours, while the current consumption was 670 kilowatt 
hours per ton. 

6:80 a. m. 

Current on. 400 pounds of lime-spar slag added with the charge together with 
100 pounds, low ash coke, ground to wheat size. 

7:00 

Current off to lower an electrode. Load steady, and iron melting down fast. 

R:80' 

Charge all melted, walls raked clean. Slag rabbled and small amount of coke 
added. 

K:40 

idetal test taken. Metal rather old. Slag a dark gray, powdering 
strongly carbidic. 

0:00 

Previous metal test broken. The iron is a soft gray, giving every evidence of ex- 
treme softness Small amount of manganese added to tighten the grain Mclal 
now medium All conditions O. K. 

9:05 

Slag given a rabbling and GO pounds fluor spar added Small dusting of coke made. 
9:10 

Metal test taken Metal hot. Slag perfect 
9:25 

Previous metal tc'st broken. Metal satisfactory. 

9:30 

Heat poured 

This heat was shanked from a bottom pour ladle. The metal as il poured into 
the molds was bluish and emitting sharp white flames The heads dipped deeply 
showing perfect solidification and fluidity. The appearanee of the castings was 
perfect, and when machined they showed considerably better in regard to small 
spots than a similar iron made in the cupola. 
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Table 27 

Logs on Heats Made from Iron Borings 

FIRST HEAT 

The charfire at the start consisted of 500 pounds of shell rines, 2400 pounds 
of borinss. 100 pounds coke and 26 pounds of lime. 

The current was on at 8:06 a. m. Rabbled banks at 8:30, 8:56, 9:30 and 
10:15 a. m. Bath was ready at 10:80 for remainder of the charge. Additional bor- 
ings totaling 1600 pounds charged. 

10:60 

Carbide slag put on. 

11:00 

70 pounds 60 per cent ferrosilicon added 
11:15 

Heat poured. 

Total time for heat: 8 hours, 10 minutes. Total charge 4670 pounds. Kilowatt hours 
per ton, 669. 

Note: 600 pounds of metal was left in the furnace for the second heat instead 
of charging shell rings If carbide slag had been allowed to act longer the silicon 
content would probably have been a little higher. The analysis of the iron showed. 
Total carbon, 3.49 per cent; graphitic carbon, 2 89 per 'cent; silicon, 220 per cent. 

On this heat a thin plate about %-inch Rcction. 12 x 18 inches ribbed on the 
under side with % x •yi,-inch ribs and having a large number of *4-inch holes 
on 1-inch centers in both directions was poured. Also a can was poured weighing 
about 25 pounds and with a section %-inch thick. These castings were broken 
to show the fracture and were then taken to the machine shop, where they were 
Aled, chipped and hammered, and the working qualities pronounced perfect. 


SECOND HEAT 

The metal left in furnace totaled about 600 pounds. To this 4580 pounds of 
borings, 160 pounds of coke ond 80 pounds of lime were added. A part of the 
borings, 100 pounds, was charged then the coke and lime, and then about 500 pounds 
more of borings. The remainder of the charge was added in Iwo lots as the 
charge melted down. 'J'hc heat was rabbled several times to Clean the walls. 

11:40 a. m. 

Current on 

2:35 p. m. 

Carbide slag put on. 

2:50 

76 pounds ferrosilicon added 
8:20 

Heat poured. 

Total time, 3 hours 50 minutes. 

Kilowatt hours per ton, 524. 

The analysis of metal showed a total carbon of .‘162 per cent; graphitic carbon. 
2 77 per cent : and silicon, 2.61 r»ei cent. Melting loss on both of the two heats was 
2.76 per cent. Electrode consumption. 10 pounds of graphite electrodes per ton. The' 
heats were made in a 3-iun Ludiiini basic lined furnace for a test on its applica- 
bility for gray iron. 


Heat Made in a 6-ton Heroult Furnace 
The charge consisted of 16,600 pounds of cast iron borings. 

6 :80 p. m. 

Current on. From this time until 7:00 the remainder of the charge was shoveled 
into the furnace as fast as possible. 

7:00 

As soon as melted the walls were scraped clean of hanging metal, and the 
remainder of this scrap shoved into the center of the furnace under the electrodes. 
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b:wv 

Metal nearly all melted. Teet taken for chemist, and walls finally cleaned. 

8:10 

ISO poanda lime, 60 pounds spar,- and 100 pounds ground coke added, well mixed. 


8:26 

Lowered current. 


8:40 

Chemist reports ntianffanese, 0.60 per cent; silicon estimated at about 1.80 per cent. 
As silicon was desired at about 2.25 per cent, and manganese at 0.80 to 1.00 per 
cent, these alloys were added. 

8:66 

Heat poured. 

The final analysis showed total carbon, 3.80 per cent; mangaaese, 0.91 per cent; 
silicon, 2.18 per cent ; phosphorus, 0.42 per cent ; sulphur, 0.041 per cent. Time 
for heat: 3 hours. 26 minutes. Kilowatt hours per ton, 620. 
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Tablk 28 

Heat Log of Alloyed White Iron 

I’ht chari?o coiiHistcd of 4000 pounds of clean boring's and turnings, analysinK 
approximately: carbon 0 30 per cent. manKanese. 0.50 pqr cent; silicon, 0.04 per 
cent. The analysis desired was : Carbon 3 :00 to 8.60 per cent ; manganese 0.70 to 
0 'JO per cent , silicon. 0 70 to 0.90 per cent. A radical structure was sought. 

The final analysis of iron wa.<i: Carbon, 8.54 per cent; manganese. 0.87 per 
cent, silicon, 0.79 per cent, chromium, 0 r>5 per cent, phosphorus, 0.061 per cent; 
sulphur, 0.023 per cent. 

About' 1000 pounds of burines was charged on the hearth, followed by 240 
pounds of 4 moah coke, and a ground mixture containing 80 pounds lime and 
20 pounds fluorspar The remainder of the metal was charged and the doors sealed 
with a heavy clay mud. 

8 :00 a. m. 

Current on. Contact poor at the start, and the load drawn by the furnace was low 
8:30 

liOail picking up as metal melts and forma better contact. Black fumes are 
emitted from around the electrode cooling rings due to the large amount of coke 
present. 

8 :45 

Load steady, due to the metal having formed a good slag covered pool. The slug 
IS holding the arc from surging. 

9:30 

Scrap has been going in fast, as told by the manner in which the furnace has 
been growling, and the height to which the electrodes have raised Dense reducing 
Humes coming up around the electrodes 

9:40 

Door opened and a small uinoiinl of scrap hanging on the banka shoved in Slag 
test coming from the funuiee on the poke bar gives a heavy acetylene odor reduc- 
ing when water auenched into a dark preen powder. Slag a little heavy, and 20 
pounds fluorspar added together with 2 shovels ot .anthracite coal. 

9:45 

Heat all melted Metal lest taken and poured into a sand mold, on end Metal 
fuirlv hot, running clean fioni the spoon Slag still too cold to foam, furnace 
agiiin sealed 

10 00 . 

TreviouH metal test now is black in the mold Water cooled and broken, fracture 
(stimated at close to 8 25 per rent larbon the crystalline slrurture being w'elJ de- 
fined, hut blow holes are piev.ilent aiouiid the run of the list Sent to chemist 
for carbon chc'ck Another metal ami slag tost taken, the metal is hot and pours 
cltuti from the spoon Slag strongly carbide, powdering dark gray and medium 
fluid Given 20 pounds spni ami 2 shovels anthracite coal. Vigorously boiled for 
6 minutes with green wood poles 

10:20 

Chemist reporls carbon at 3 32 per cent and manganese at 0 .30 per cent. Second 
metal test taken now broken and shows carbon approximately 10 points higher, 
wth no evidence oi gas pockets Structure assuming distinct radial appearance; 
23 pounds ferromanganese and 30 pdunds of ferrosilicon added. 

10:30 

3i> pounds ferrosilicon and 53 pounds of ferrochromium .added. Both given a 
heavy rabbling. 

10:35 

Metal test taken. Temperature high, metal giving olT sharp blue flames when 
poured from the spoon, and h;iving the blue appearance of hot steel. Slag foam- 
ing slightly and heavy in its carbide eharactor 

10:45 

Final metal test shows a distinct star fracture, the crystal being clearly defined, of 
fairly large si/e. with a dead, steel gray color, having absolutely no trace of 
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eu holes or porousness. Top of test bar has the wrinkled appearance of absolute 
freedom of any dissolved or included gas. 

Heat tapped. Metal held in ladle 10 minutes before pouring the first mold. 

The total time for heat was 2 hours, 46 minutes and the current consumption was 
640 kilowatt-hours per ton of charge. 

Teat balls broke on 66. 52 and 66 blows. 

Brinell hardness number was 432. 
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and Tears, 7 

Converter vs F.lectnc Furnace, 6 
Correcting l.ow Figures, 1S8 


Cost 

Compat alive on Three-ton Furnace, 16 
Comparison of Acid Basic, 345 
Comparison on Acid Banc for White 
Iron, 295 
Conversion, 31 
Data, 340 

Klectric furnace. 344 
Factors, 340 
Labor, 23 

of Electric Melting in Power Contracts. 

11 

of Gray' Iron Produced from Scrap 
Iron. 350 

of Gray Iron Produced from Steel, 351 
of Metal in the L.'idle, 22 
of Steel Produced mi Acid Hearth, 346 
on Three-ton Liidlum Furnace, 151 
on Six-ton Heroult Furnace, 342 
on Synthetic Pig Iron, 148 
Operation, on Three-ton Furnace, 349 
Other Items of Melting, 21 
Operating, 14 

Per Ton of Metal Melted in Large 

Units, 24 

Per Ton of Metal Melted in Small 

Units. 24 

Segregated According to Tonnages, 347 
In Southern Shop 346 
Cracks During Heating, Mangaiic-si Steel, 
210 

Cracking of Mangancbt Sled Castings, 215 
Crucible Steel Making, 4 
Cupola, 301 

Cupida Used in Duplexing, 266 

I> 

Davy F,lcctrolv/rs Aluminum Oxide, 1 
Delays, Remedy for, 159 
Demand Charge, U5 
Deoxidi/ers, Final, 14 3 
Dcoxiduitig the Met.il, 114 
Deoxidizing or Second Slag, l|9 
Desulphiin/ation, J25 
Dibadvaniage of (Ipeii Hearth, 5 
Dolomite, AnaUses of Calcined, 44 
Door Linings, Spout and, 61 
Drill, Special Shape for Dulling Manganese 
Steel, 215 

Dryinft 

Out the Furnace, 56 
the Roof. 49 
the Hearth, 69 
Duplexing. 266 

Duplexing Not Satisfactory, 102 
Duplex Process 100 


E 

Kastern Power Co. Contract, 11 

F.ffeci of Acid Lining on Slag, 171 

Effect of Silicon, 182 

Efficirncv of Slag, 125 

Kleclnc ,ind Converter Steel Melting, 6 

Electric Furnace vs Convertei. 5 

Electric Furnace vs Open Hearth, 5 

Electric Steel 

Furnaces in United States and Canada, 4 
in 1911, 2 
in 1917, 1 
Merits of, 9 
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Electrode 

Breakage, 101 

i omts, Poor Contact at, 81 
lime Under, 108 

Setup for Sintering in the Bonds, 54 

Care of, 79 

Lobb by BurniiiK, 81 

Electrotherniic Furnace First Patented by 
Fichon, 1 

Endothermic Action of Ore. 161 
F.xpansion, Arrange mc-iii to Care For, 48 


F 


Factors Explain Rapid Increase of Eleitiic 
F'lirnjces, 3 

Factors That Determine Cost. HO 
Features, Mam, in Deciding l^pon Si/,t ol 
Furnace Necessary, 18 

Ferro 

Chrome, 212 
Manganese, 193 
Molybdenum, 246 
Silicon, Use of, 120 
Figures, Correcting Low, 158 
F'lgnres, OpcM atiiig, In V'.inoiis \iiitritnn 
Shops, 21) 

Finlshinit 

Nickel Steel Ht als, 232 
Slag, 110 
the Heat, 11'^ 

First Flectric St<tl l iiiniit Inst.ilhd in 
'I he llnileil States, 2 
F irst Tloal. Th< . 60 
Fixation of Nitrogm, I0f> 

F'lxed Charges, 21 

Fluorspar 

Added During Fouling, 111) 

Reacts With Silica of Slag, 128 
Removes Sulphiii , 1 50 
Results of Adding, 13 I 
Using, 126 

Form for the Roof, M,ikirig the, 4<i 
F’ormiiig Hearth of Cram M.ignesilt 4! 
Forming Hearth With M.igiKsiie Biitk, 41 

Fracture 

Appearance of, 1 16 

Appearance in SyiUlulu Iron Before 
Finishing Period, 282 
Appearance in White Cast Iron, 297 
Test on Syntlntic Iron, 280 
Observed in Manga riesi Steel, 210 

Furnace 

Choosing a, 36 

Drying Out the, 56 

laning the Acid, 6S 

Lining the Basic, 39 

Location of, 26 

Patented by Stassano, 1 

Points Which Favor Smaller, 24 

Rotating, 98 

the Greaves- Etchells, 37 

the Greene, 38 

the Heroult, 17 

the ’Lcctromek, 38 

the Ludlum, 37 


G 

Gases and Sulphur Eliminated, 122 
Gate, Skim, 140 

Germany, Heroult Furnace Installed in, 2 
Germany Produces One Half of World’s 
Fileclric Steel, 2 
Gosrow, R C , 351 
Gland, Roof, 82 

Graphite Separated from White Cast Iron 
by Nickel, HO 

Gray Iron 

Alloy Additions to, 272 
Basic Process for Melting, 265 
Correcting Cai bon ],.o8s in, 261 
From Cold Stork. 271 
Heats, Slag for, 265 
in Basic F'urnace, 29 
Melting, 270 

Melting by the Acid Process, 260 
Melting i)o»n in Acid I'uinace, 262 
Rehnirig, 259 

Removal of Sulphur from, 268 
Superheating. 259 
SyntiKtic, 27 3 
Grav'ity C’harging, 9f> 

('••e.ivrs Fn hells |•urn.Ke, the, 17 
< ireei i i .,i I'.u i I mc, 38 
(l'll■lll‘l I ■■ 1 Hull’ Stopper in T.adU, 124 
(.III., I Ml.’ t (.iicnr, 61 

H 


Hard Heats Appear in Mangarii »c Sled, 209 

Heat 

Finishing the, 119 
Insulatoi , Use of 78 
Melting Down the, 107 
Overload, 105 
S./e of. 85 
the First, 60 
the F'irst And, 70 
Wash, W) 

Working the, 1 31 

Heat 'I'reating 

Mang-snese Steel, 211 
Nickrl Sled Cablings, 237 
Special Mingancse Steel, 221 

Heat Treatment 

of Alloy Castings, 108 
of Chr-ir’iiiir. Steels, 243 
of Ni.i ki ’ I I K’l ’Hill Steel, 215 
of Synthetic Iron Castings, 284 
of Vanadium Steel, 249 

Hearth 

Best Type of, 74 
Deep Bowl Shaped, 7,3 
Drying the, 69 
Flat Type 71 

Material Made of Sand and C'lay, Acid, 
66 

Movable, 97 ' 

Method Used to F'orm, 41 
of Gram Magnesite, Forming, 41 
of Magnesite Brick, F'nrm.nK, 41 
Neutral, for Synthetic Iron, 282 
Placing Charge on the, 93 
Ram, Acid, 66 
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Hearth — (CotHtnun/) 

Refults Obtained in Using Different 
Typea of, 75 
Shallow, 7i 

Shapei Are Important, 72 
Steel Slug! or Punchinga Used for 
Conducting, 68 
the Conducting, 68 
the Sintered, 65 

Heroult 

Furnace Installed in Plant in Germany, 2 
Furnace, the, 37 

Produces Aluminum in Electric Furnace, 

Produces Calcium Carbide in Electric 
Furnace, 1 


I 

Importance of Hearth Shapes, 72 
Induction Furnace brought out by Kjel- 
lin, 2 

Initial Step is Bricking the Furnace, 40 
Insulators, Use of Heat, 78 

Iron 

Acid Furnace for Ordinary (iray or 
White, 34 

Oxide, Action of, in Acid Furnace, 152 

Phosphide, 111 

Wire Welded Electrically, 1 

J 

J oint, Poor Contact at Flectrode, 83 
oint Tightener, 84 


K 

Kjellin Brings Out Induction Furnace, 2 
Kjcllm horndce Installed in Rochhng 
Iron & Steel Works, 2 

L 


Labor Costs, 23 

Ladle 

Advantages of Bottom Pour, 317 

Alloy Aoded to, 140 

Bottom Pour, 316 

Drying the Bottom Pour, 328 

Fitting the Stopper in Bottom Pour, 321 

Gear Mechanism, 338 

Grinder for Fitting Stopper in, 324 

Handling the, 337 

Lining with Brick, 320 

Lip Pour, 315 

Maintaining, 319 

Rammed Lining in, 319 

Spout, for Tea Spout Ladle, 321 

Tea-spout, 315 

the and Their Care, 314 

Layers, Ramming the Bottom in, 52 
Laying the Side Walls, 43 


Lime 

Best Practice of Adding, 108 
Charging the, 107 
Correct Amount of, 109 
in Standard Slag, Amount of, 177 
Silicon Reaction, 124 
Slag High in, 132 


Sulphur Reaction, 123 
Under Electrode. 108 
Use of Burned, Il8 
Use of in Acid Practice, 176 
Usedjn One^Slag Process, 149 

Lining 

Ladle with Brick, 320 
Rammed Acid, 71 
Rammed, in Ladle. 319 
Spout and Door, 61 
the Acid Furnace, 65 
the Basic Furnace, 39 
the Furnace for Manganese Steel Heat, 
189 

'Lectromelt Furnace, the, 38 

Location, Geographical, Affects Cost, 341 

Location of Furnace, 26 

Loss by Burning, Electrode, 81 

Losses of Alloys in Electric Furnace, 305 

flowering the Carbon, 116 

Ludluin Furnace, the, 37 


M 


MaHneslte 

Analyses of Dead Burned, 44 
and Slag Used for Hearth Material, 57 
Brick, Analysts of. 44 
Brick, Building the Hearth with, 45 
Brick Encased by Thin Sheet Metal 
Case, 63 

Contaminates Slag, 133 
Forming Hearth of Gram, 41 
Lining for Manganese Steel Heats, 190 
Effect of on Manganese Steel, 206 
Used to Kill Heat, 230 
Main Features in Deciding Upon Size of 
Furnace Necessary, 18 


Making 

Basic Steel, 99 
Crucible Steel, 4 
the Bottom, SO 
the Form for the Roof, 46 
up the Charge, 92 


Manganese 

Addition of, 119 

Carbon Ratio, 199 

Correction for, 179 

High, Effect of on White Iron, 299 

Nickel Steel, 224 

Oxidation of, 113 

Reduced From the Slag, 205 

Scrap Charges, 204 


Manganese Steel 

Basic Furnace, 28 

Bend Test for, 218 

Castings, Cracking of, 215 

Comparative Test of, 220 

CliaracterislicB of, 184 

Cracks During Heating. 210 

Difficult to make, 184 

Discovered, 183 

Hard Heats Appear in, 209 

Heat Treating, 211 

Heats From Old Shop Scrap, 202 

Heats, Lining the Furnace tor, 189 

Made in Basic Furnace, 188 

Physical Properties of, 222 

Properties of, 184 
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Manfllineae Steel — {Continued) 

Propertici of, When Ca«t, 212 
Special, 218 

Special, Heat Treating of, 221 
Special Drill for, 216 
Special, Properties of, 221 
Testing, 215 
Uses of, 184 
Mayari Pig Iron. 2*^9 
Mefter Should He Experienced, 

Melting 

Down the Charge, 151 
Down the Heat, 107 
Gray Iron, 270 

Gray Iron by the Acid Process, 260 
Old Shop Scrap for Manganese Steel 
Heats, 202 
Nickel Steel, 244 
Period, Chemistry of tlic, 110 
Practice at Taylor-Wliarton Iron & 
Steel Co, 6 

ProcesBes Available for Me'ting Man- 
ganese Steel, 1^0 
Voltage, 106 

With Partial Oxidation, 148 


Metal 

Coming Down too Migli, 164 

Dcoxidi/mg the, 134 

P'.ncascd Magnesite Rnck, 63 

in the Ladle, Cost of. 22 

High Ouah^, Made in Basic T''urnact, 2^) 

of Correct Composition, 164 

Methods 

of Charging Scr,»p, ‘15 
Used to Form the iltarfli, 41 
Merits of Electric Stt*el, ‘1 
Mica Schist, Use of, 62 
Mixtures for White Iron, i03 


Molybdenum 

Steel, 245 

Steel, Heat 'Ireatment of, 246 
Use of m White Cast Iron, 31 i 
Movable Hearth Fuinacc, y? 


N 


National Carbon Co, 7*1 

Nickel 

and Chrome, Effect of, on While Iron, 
298 

Checks Segregation, 227 
Chromium, 240 
Chromium Steel, 244 
Chromium Steel, Heat Treatment of, 245 
C’hromium Steel, Melting, 244 
Deposits Ciraphite from Molten White 
Cast Iron, 310 
Effect of on Steel. 236 
Effect of, on White Iron, 298 
Iron, Tests on, 311 
Lowers Transformation Point, 236 
Manganese Steel, 224 
Properties Given by Adding to White 
Cast Iron, 309 


Nickel Steel 

Acid Furnace Practice for, 228 
Basic Practice for, 231 
Castings, Heat Treating, 237 
Casting Specifications, 228 
Difficult to Weld, 227 
Has High 7'enBile Qualities, 228 
Heat, Finishing, 232 
Heats, Methods of Killing, 230 
Making, 227 
Properties of, 238 
Subject to Blow Holes, 227 
Nigger Heads. 115 
Nitrogen, Fixation of, 106 
Nitrogen in Nickel Steel, 233 
No/zlc Brick Loosening in Ladle, 336 
No/zle, Stopped, 330 


Open-hearth 

Ch.irging Machine, 97 
Disadvantage of, 5 
vs Electric Furnace, 5 
Opeiatiiig Costs, Compares, 3* 

Operating Figures in Various American 
Shops, 20 

Operation, Continuous, Favored, 19 

Ore 

Action IB Endothermic 161 
Adding, 117 

and Scale, Comparative Results, 206 
As a Deoxidi/er, 203 
Causes After Boil, 161 
Overload Heat. 105 
Overoxidired Metal, 164 

Oxidation 

Causes of, 157 
Melting with Partial, 148 
Oxidized Condition, 159 
Oxidi/ing Slag Removed, 148 

Oxide 

III Special Manganese Steel, 219 
Reduction of. IH 
Rcmovul, 162 

Removed from Manganese Steel, 196 
Oxygen Reaction, 111 

P 

Patching Machine, Automatic, 60 
Pepys Welds Iron Wire Electrically, 1 

Phosphorus 

and Sulphur Limits for Acid Steel, 152 
Removed by One Slag Process, 146 
Removing, 109 
Phosphide, Iron, 111 

Pichon Patents First Electrothermic Fur- 
nace, 1 

Pig Iron as Recarburi/cr, 168 
Placing Charge on Hearth, 93 
Power Surges, 104 
Pour Test. 137 '' 

Pouring 

Praelice, Bottom, 322 

Practice- for Alloyed White Iron, 307 

Steel Castings, 338 

Temperature, Determining the, 136 
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Fourlnft — (Co ntm ued) 

Pre-heating the Scrap, % 

Preliminary Testa, IIS 
Prieatley, 231 

Product to be Made, Conaidcratmn of. 27 
Production Coats, Comparative, 21 

Properties 

of Manganese Steel, Physical, 222 
of Manganese Steel When Cast, 212 
of Nickel Steel, 238 
of Special Manganese Steel, 221 
of Synthetic Iron, 274 
Purchasing Scrap, 88 
Pyrometers, 138 

R 

Racing of Rlectrodea, 8^ 

Ram Acid Hearth, 66 
Rammed Acid Lining, 71 
Ramming the Bottom, 50 
Ramming the Bottom in Layers 52 
Reaction in Acid Furnatt Practice, 175 
Rccarbii firing, 167 
Recarburlzers 
Used, 167 
for Ciray Iron, 263 
for Synthetic Iron, 276 
Reduction of Oxides, 174 
Reduction of Sulphur in Acid Practut, 177 
Reducing 

Atmosphere in Furnace, 135 
Conditions, Causes of, 160 
Condition, Remedy for, 161 
Manganese From the Slag, 205 
Period, Start of. 16 5 
Refining Gr.i> Iron, 25‘t 
Refractories TJsed, Analyses of, 44 
Refractory Cement for Stopper Heads, >26 
KegiilaTing the Sintering, 57 
Remedy for Reducing Condition, l6l 
Removing Phosphorus, 10,) 

Kcsisrance at Joints, High, 83 

Rod Test, 157 

Rfiof 

Building the, 46 
Drying the, 

Gland, 82 

Made of Common Fire Brick, 47 
Made of Patent Bricks, 47 
Made of Standard Shapes, 47 
Rotating Furnaces, ‘^8 
Rust, Actum of, in Acid Furnace, 152 


S 

Sand Analysis. 67 

Sand Required for Molds for Maug.-iiii^L 
Steel Castings, 215 
Scabbing of Steel Castings, 5 39 
Scale and Ore, Comparative Results, 206 

Scrap 

Bridging of, 102 

Charge, Balancing of. for Acid Pro- 
^ cess, 152 

Charges fur Manganese Steel, 204 
Changes, Typical, 93. 94 
Choosing, 226 

Classifications, Prices and Analyses, 90 
Composition of, 89 


Dirty or Heavily Rusted, 104 
Methods of Charging„9S 
Mixtures, Typic-il, 92 
Must be Low in Phosphorus and Sul- 
phur, 152 

Old Shop, Causes Difficulty, 200 
Shop, Methods of Handling, 201 
Pre-heating the, 96 
Purchasing. 88 
Should be Selected, 91 

Si^e of, 88 

Yard. 91 

Setting the Arch Brick, 45 
Shapes, Hearth, 72 

Shock and Abrasive Resistance, White 
Iron for, 288 

Shop Scrap, Methods of Plandling, 201 
Shrink Holes in Sled Castings, 339 
Shrinkage in Manganese Steel, 214 
Side Walls, Laying the, 43 
Side Walls, Thickness of, 76 
Siemens Patents First Klectric Arc Fur- 
nace. I 

Silica Brick, 78 
Silica Brick, use of, 43 
Silica Reduced, 166 

Silicon 

Added in the Ladle. 181 
Added to Synthetic Iron, 282 
Addition to White Cast Iron, 297 
Control IS Hard in Acid Practice, 294 
Fflect of. 182 

1‘ffect of. on Allot ed White Iron, 304 

hffcct of, on Manganese Steel, 206 

Lffcci on Rcmclting Alloyed Scrap, 207 

III Manganest Steel, 200 

I line Rcattion, 124 

Low* led. 168 

Methods of Adding, 180 

Pick Up, Experiments on, 171 

Sled, 25 5 

Steel, Judging Temperature of. 256 
Steel, Manufacture of, 25 5 
Used, 112 

Sinking, Causes of Bulging or, 48 
Sintering in the Bottom, 5 5 
Sintering. Regulating the, 57 
Sintered Hearth, the, 65 
Si/e of Heats, 85 
Skim Gate, 140 

Skin Test for Temperature, 137 
Slag, Acid, for White iron, 292 

Slad 

Analysis of, 118 

Amount of Lime in Standard, 177 
Analyses of hinishcd Basic, 124 
Appearance of, 118 

Appe.arancc After Adding Ferroman- 
ganese, 19 5 

Appearance in Melting Gray Iron, 271 
'Appearance, Manganese Steel, 192 
Appearance When Melting Old Shop 
Scrap, 203 
Basic, 118 
Carbide, 121 
Condition, 158 

Condition W'lth Much Oxide Present, 160 
Contaminated With Magnesite 133 
Kflect of Acid Lining on, 173 
Efficiency of. 125 
Entraps, 140 
Finishing, 119 
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Slat — (Continual/) 

, for Gray Iron Heata, 26S 
for Gray Iron Heats, 270 
Formation, 113 ^ 

from Nickel Steel Heats, Analysis of, 231 
High in Lime, 132 
Manipulations, 157 

Manipulations on Manganese . Steel 
Heat, 195 

Mixture for White Iron Basic Process, 
296 

Place to Add, in Gray Iron, 269 
Process, One, for Manganese Steel 
Heat. 191 

Removed, Oxidizing, 148 
Second or Deoxidizing, 119 
Test, Final, 163 
Thin, 132 

Used for Hearth Materials, Magnesite 
and, 57 

Using a White, 149 
White Carbide, 119 
White Lime, 119 
Slagging Off, 110 
Slags are Deleterious, Thick, 165 
Snowing, 155 

Sodium Silicate Used for Binders, 60 
Special Manganese Steels, 218 
Spindling, 81 

Spout and Door Linings, 61 
Starting the Arc, 56 
Stassano Patents Furnace, 1 


Sulphur 

and GaScs Eliminated, 122 

»nd^ Phosphorus Limits for Acid Steel, 

Causes Cracks and Tears in Converted 
Steel, 7 

Elimination, 125 

m Acid Process, Reduction of, 177 
I.inie Reactioil, 123 
Removal From Gray Iron, 268 
Superheating of Gray Iron, 259 
Surges, Power, 104 
Surging Caused by Bad Boil, 104 
Synthetic Gray Iron, 273 

Synthetic Iron 

Additions of Carbon to, 275 
Before Finishing Period, Fracture Ap- 
pearance in, 282 

Castings, Heat Treatment of, 284 
Incicasing Carbon in, 281 
Produced on Neutral Hearth, 282 
Properties of, 274 
Recarburizcr for, 276 


Tar 

Care Must be Kxeiciscd in Burning In, 

Time Necessary to Set in, 59 
Used as Binder in Ramming Bottom, 5 1 
Taylor- Wharton Iron & Steel Co , Melting 
Practice at, 6 


Steel' 

Acid Furnace for Ordinal > Carbon, 12 
Castings, pouring die, 338 
foi Ball Mill Liiums, 219 
for Cams, 255 
foi C'l usher Jaws, 240 
for Crushing Mathiiirij', 119 ^ 

for Eccentrics, 25S 
foi Gears, 219 
foi (jears, Cut, 255 
foi (Jrinding Machiiu I > , 219 
for Heavy Duty Pumps, 219 
for High Pressure Caaiings, 219 
for Gil Well Drilling Too]ip, 240 
for Parts Subject to Abrasion, 240 
for Railway Crossings and Frogs, 219 
for Rolls, 240 
for Wear Resistance, 254 
*OT Wearing Plates, 240 
Slugs or Punchings Used for Conducting 
Hearth, 68 
Making Acid, 151 
Making Basic, 99 
Making Crucible, 4 

Stopper, Fitting the, in Bottom Pour 
Lade, 323 


Stopper Head 

Burning on Side, 312 
Cracking, 331 
Drying the, 332 
Pin Burning Out, 333 
Sticking in Nozzle, 314 


Stopper Rod 

Drying the, 329 
Preparing the, 32S 
Setting the, 327 


Temperature 

Determining the Pouring, 136 
foi Pourinij Atid Gray Iron, 265 
of Silicon Steel, 256 


'Pest 

Pieces on Manganese Steel He 
mg, 197 
Pom, 137 
Rod. 117 
Skin, 117 

'I’cstiiiK Maiigaiu'se Sled >15 


ts, 'I'ak 


Te»ts 

on Nickel Iron, 111 
Prehiiiinary, 115 
Taking, 156 

'Hiickness of Side VValls, 76 
Time Necessary to Set in I'ar, 59 

Titanium 

As Deoxidi/cr, 141 
Removes Nitrogen, 233 
Two Slag Process for Basic Steel, 99 

U 


Uranium for Nickel Steel, 213 
Use of Silica Brick, 43 
Using a Cement Gun, 61 

V 

Vanadium 

Addition of, 248 ' 

Removes Nitrogen, 233 
Use of in White Cast Iron, 313 
Steel, 247 

Steel, Heat Treatment of, 249 
Steel, Properties of, 247 
Voltage, Melting. 106 
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WalU, Laying the Side, 43 
Waih Heat, 60 


White Iron 

Acid Practice for, 291 

Acid SUft, 292 

Alloyed. 298 

Baiic Practice for, 294 

Effect of Zircofttom on, 312 

for Ball Mill Parts. 288 

for Cement Mill Work, 290 

for Rraistance to Abrasion, 287 


for Shock and Abrasive Eeaistance, 288 
Mixtures for, 303 
Properties of, 286 
White Slaa, Using a. 149 
Working the Heat, 131 


Yancske's Theory on Silica Redilction, 170 


Z 

Zirconium 

Effect of on White Cast Iron, 312 
Refractories, Use of, 62 
Steel. 252 




